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HE White Paper on “Capital Investment in the 

Coal, Gas and Electricity Industries”* which 
was presented to Parliament in April gave the latest 
information about investment in 1957 together with 
the approved expenditure for 1958-59. It thus 
provides something of the background against which 
to consider the changes in the nuclear power position 
in Britain since announced, and to which the develop- 
ment of Euratom and particularly the provision of 
help from the United States have given added 
interest. Of the approved capital expenditure of 
£440 million in 1957 compared with an actual £390 
million in 1956, £233 million and £206 million, 
respectively, were on account of the Central Elec- 
tricity Authority, with a further £20 million and £17 
million for the South of Scotland Electricity Board 
and £21 million and £20 million for the North of 
Scotland Hydro-Electricity Board. For 1958, out of 
£436 million approved, the corresponding figures are 
£239 million, £26-5 million and £17 million, respec- 
tively. Of this latter expenditure, no more than some 
£45-5 million is accounted for by nuclear power 
stations (including £8-5 million at Hunterston), 
although in England and Wales estimated expendi- 
ture on nuclear stations in 1957-58 was £21 million 
compared with £37 million approved for 1958-59 and 
represented continuing work at Bradwell and Berke- 
ley and the commencement of work at Hinkley 
Point. 

As already announced, the White Paper points out 
that work on new power stations is to be spread over 
the next 26 instead of 24 months, and the com- 
pletion of the nuclear power programme is to be 
postponed for a year, while a higher proportion of the 
total new generating capacity will be in the form of 
coal-fired stations at lower capital cost. The decision 
of the Ministry of Defence that some of the nuclear 
power stations should be modified to produce 
plutonium of weapons grade represents, however, a 
much more considerable modification of the pro- 
gramme. The Paymaster-General, Mr. R. Maudling, 
explained in the House of Commons on June 24 that 
the modifications proposed at Hinkley Point and the 
next two stations in the programme of the Central 
Electricity Generating Board would not impair the 
efficiency of the stations and that the initial capital 
cost and any additional operating costs that may be 
incurred would be borne by the Government. On 
June 30 Sir Ian Horobin said in Parliament that the 
capital cost of the modifications was unlikely to ex- 
ceed 1 per cent of the cost of the stations concerned 
and that building progress would not be affected. 

While, therefore, the price of electricity may not 
be affected and the country may in fact be provided 
at comparatively small cost with a valuable insurance 
against possible future defence needs, this statement 
scarcely represents the full implications of this change 


* Capital Investment in the Coal, Gas and Electricity Industries, 
Pp. 8. (Cmnd. 415.) (London: H.M. Stationery Office, 1958.) 6d. net. 
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in design. To obtain plutonium suitable for military 
purposes, the fuel rods must be renewed at intervals 
of months rather than of years, and the gross costs 
will undoubtedly be altered for the worse if fuel 
costing £10 million or more may all be removed by 
the end of the year instead of remaining in the 
reactor for five years. Apart from this, there will be 
the loss of experience in the probabie life of fuel 
elements ; and the processing plants of the Atomic 
Energy Authority, particularly the diffusion plant at 
Capenhurst and the chemical treatment plant at 
Windscale, are likely to be so overloaded that further 
capital investment by the Authority seems inevitable. 

The cost of installing discharging mechanisms and 
cooling ponds of greater capacity is unlikely to be 
high, but diffusion plant and chemical treatment 
plant may be another matter. Serious interference 
with the nuclear power programme will arise because 
the plutonium is diverted to military purposes 
instead of being used to convert infertile material 
into nuclear fuels. To that extent more uranium 
will have to be mined and processed, and purchased ; 
and some of the capital on which later reductions in 
the cost of electricity might be based will in effect 
be used for that purpose. Moreover, apart from the 
loss of experience already noted, it is possible that 
in the immediate future a shortage of plutonium 
for experimental purposes could retard technical 
innovations. 

Nor is this the whole price to be paid. The 
rigorous distinction which Britain has hitherto made 
between its nuclear power programme now dis- 
appears, and the dual character of nuclear power 
stations is, on the contrary, emphasized. This has 
diplomatic as well as economic drawbacks, and no 
convincing reasons have yet been given to show that, 
on balance, the necessary supplies of plutonium would 
not have been obtained more advantageously by 
building a new reactor, or by more urgent efforts to 
utilize the over-abundant stocks built up in the 
United States—an attempt that the agreement on 
the exchange of nuclear weapon information signed 
in Washington on July 3 should facilitate, for it 
provides specifically for the supply of enriched 
uranium to the Atomic Energy Authority in Britain. 

The change in policy will do nothing to remove 
the difficulties which it is believed in some quarters 
that the nuclear power industry is facing. Mr. 
A. L. G. Lindley, managing director of the General 
Electric Co., Ltd., expressed the view earlier in 
the year that no more than six additional orders for 
nuclear power stations would be placed by the 
Central Electricity Generating Board in the three 
years from 1959 compared with the dozen or more 
additional stations mentioned last year; nor did he 
expect much profit would accrue to British firms 
from the export of nuclear power stations, even 
though many nuclear power stations might be built 
to British design abroad. On the technical side, too, 
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there is some evidence that builders of nuclear power 
stations have entered a period of diminishing returns 
from expenditure on research and development. Sir 
Christopher Hinton has confirmed this in warning 
the industry to avoid the difficulties of structure 
which beset the aircraft industry. From the end of 
this year, he said, the Board would be placing orders 
for two main conventional power stations and two 
nuclear power stations compared with the ten or 
more power stations ordered every year since the 
War, the reason being the high capacity of plant 
which would now be built in a single unit. He 
thought, too, that within his life-time the future of 
nuclear power in Britain would be based on develop- 
ments of the Calder Hall reactor, and he did not 
expect fusion power of the kind which ZETA may 
tap to become important industrially for thirty-five 
or forty years. 

The overdue agreement on the exchange of nuclear 
information between Great Britain and the United 
States may prove the latter forecast too pessimistic, 
for the freer the interchange of information in projects 
of this type the less likely is progress to be retarded 
by lack of contact or faulty judgment. Frank and 
free and informal discussion with other scientists and 
technologists is the best stimulant of the critical 
judgment and creative thinking which lie at the root 
of technological and scientific advance. It should be 
noted that in replying on an adjournment debate in 
the House of Commons on March 20, the Parlia- 
mentary Secretary to the Ministry of Power, Sir Ian 
Horobin, was confident that restrictions had not 
stunted our scientific effort in this field and that we 
had found happy and practical relations between the 
Atomic Energy Authority and industry. Whether or 
not Sir John Cockcroft is right in believing that there 
is no military use for thermonuclear fusion, scientists 
should make sure that the utmost use is made of 
the agreement resulting from the doctrine of inter- 
dependence which the Prime Minister and President 
Eisenhower proclaimed jointly last autumn. 

The change in policy may bear equally on Britain’s 
relations with Euratom. Even before the announce- 
ment on June 28 that Euratom was to receive massive 
financial and technical help from the United States, 
the Government had been for some time closely 
questioned in Parliament regarding British relations 
with Euratom. Like other member countries of the 
Organization for European Economic Co-operation, 
Great Britain is a member of the European Nuclear 
Energy Agency, the statute for which was published 
in a White Paper last February ; this provides for 
close collaboration with Euratom, the members of 
which are also members of the Agency. On May 22 
Mr. R. A. Butler told the House of Commons that 
the Prime Minister had suggested to the President of 
the Euratom Commission that, until Euratom had 
selected its permanent headquarters, the head of the 
United Kingdom delegation to the High Authority 
of the Coal and Steel Community should also be 
accredited to the Euratom Commission. He had also 
proposed that we should negotiate an agreement for 
technical collaboration, providing the framework for 
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co-operation between the British Government and 
Euratom, to facilitate co-operation both between 
individuals and between individual industrial con- 
cerns, and complementary to the general co-operation 
on nuclear affairs in Western Europe as a whole 
through the European Nuclear Energy Agency. 

Mr. Butler said that these proposals had been 
welcomed by Euratom, but on June 17 the Prime 
Minister could only add that preliminary discussion 
on this technical collaboration agreement were 
starting that week. On July 1 the Prime Minister 
said in Parliament that nuclear power plants were 
unlikely to be bought by the European Atomic 
Energy Community itself, but rather by individual 
undertakings in member countries. A number of 
such inquiries had been received by United Kingdom 
manufacturers and a letter of intent had been signed 
between an Italian undertaking and a United King- 
dom group. The Government hoped to conclude 
agreements with the Community and, as appropriate, 
with member Governments, to provide the frame- 
work within which such exports could take place, 
and such an agreement was already in force with 
the Italian Government. 

Mr. Macmillan pointed out that the supply of 
United Kingdom reactors, which were fully developed 
and available on ordinary commercial terms, was 
governed by very different circumstances from those 
which led to the United States-Euratom agreement. 
The latter agreement provides the framework for the 
joint construction of prototype reactors of American 
design which are still in the development stage. 
Under it, the United States will assist Euratom in a 
ten-year programme of reactor research and develop- 
ment for which 100 million dollars will be provided 
in the first five years to build five or six nuclear 
power stations for commissioning in 1963. These 
stations, which are likely to be of the pressurized- 
water reactor type, will have a total generating 
capacity of about 5 million kilowatts, and for the 
construction, estimated at 350 million dollars, about 
135 million dollars will be provided as long-term 
United States credits to Euratom. The United States 
will also provide enriched uranium for these plants 
at prices regarded by the West as ‘give-away’ prices, 
and the United States Atomic Energy Commission 
will guarantee for twenty years the endurance of 
the fuel elements under the agreement. 

The contribution to the fuel economy of the six 
Euratom countries will not be important for its own 
sake, but the construction and operation of the 
reactors will allow the establishment of a cadre of 
nuclear technologists essential for larger develop- 
ments. The agreement, may also assist in the 
development of nuclear technology in the United 
States by expanding the opportunities for prototype 
trials ; but there is nothing in this to be interpreted 
as a blow to British prestige or to offset the very 
definite advantages which Britain possesses. It 
would be wrong, as Sir Claude Gibb has emphasized, 
to over-stress the opportunities which export trade 
in nuclear power offers to Britain. In his view, the 
main assets which Britain has to offer to highly 
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industrialized countries are her experience in design 
detail, in construction and in operation, and these hold 
potentialities for the reduction of initial capital costs 
which the Euratom countries are unlikely to overlook. 

Friendly contacts have already been established in 
London with Euratom representatives, and the very 
great possibilities of the reactor chosen by Britain 
will certainly be recognized. It can be built, for 
example, by quite modest extension of conventional 
engineering techniques, and offers good prospects of 
decreased capital costs. The use of natural uranium 
is a further advantage, for in view of the distribution 
of uranium, most countries employing this type of 
reactor could look forward to becoming self-supporting 
in fuel supplies. 

Power stations of this design thus can, and prob- 
ably will, be sold in Europe while the American con- 
struction programme gets under way; and there is 
no reason for being pessimistic about the future of 
developments in Europe because of the Euratom 
agreement with the United States, provided due 
regard is had, first to our relations with Euratom, 
and secondly, but no less important, to the magnitude 
of the British nuclear power programme in relation to 
the other demands on our limited resources. Mr. Mac- 
millan’s statement indicates the Government now 
realizes the importance of establishing our relations 
with Euratom on a proper footing, and that some- 
thing more than a research link is needed; but 
whether the Government appreciates the significance 
of the second point is still rather doubtful. 

The reply to a question in the House of Commons 
on July 1 disclosed that the survey of expenditure 
on research and development made in 1955 is still 
being examined, and no plans have yet been made 
for a further survey. Yet, to take one point alone, 
the demand on Britain’s scientific and technical man- 
power, as well as on material resources, should have 
been one factor to be considered in determining how 
best to meet our need for plutonium, if not the 
magnitude of those needs. Sir Claude Gibb recently 
estimated that the British nuclear industry is already 
employing 10,000 engineers and scientists on research 
and development, and said that the effort to prepare 
tenders for one of the first 300-MW. nuclear power 
stations in Britain approaches 1,000 man-years—the 
figure which Sir Edwin Plowden has given for initial 
research and development after the completion of 
basic research study of feasibility. Considering his 
further estimates that, for one year’s study of 
feasibility and an experimental reactor, fifteen to a 
hundred scientists or engineers may be required, 
100-150 engineers for a year’s work on reactor design, 
a staff of 200 for a two-year study of the reactor and 
100 for the three years to build a prototype reactor 
and control experiments with the reactor, and that, 
including the necessary support facilities, each pro- 
fessional scientist or engineer employed costs the Atomic 
Energy Authority about £10,000, the magnitude of 
the effort required from the limited scientific and 
engineering man-power of Britain becomes apparent. 

This effort by the Atomic Energy Authority—and 
its further part in training technologists—has to be 
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added to the 10,000 employed already in nuclear 
work by industry, and to the effort in nuclear research 
which the universities are also making, and to 
which the Department of Industrial and Scientific 
Research makes significant grants. Doubts may well 
be felt as to how far Britain is able to support an 
export programme in nuclear power; but there can 
be none as to urgency of the task of expanding our 
resources in scientific, technological and technical 
man-power. The over-riding message of the White 
Paper on capital investment in the coal, gas and 
electrical industries, however, is the vital and urgent 
need for as accurate assessment as possible not 
simply of the demands which nuclear power is 
making on capital and other material resources but 
of its demands on the scientific and technical man- 
power of Britain and its relation to the magnitude 
and distribution of our effort in research and develop- 
ment generally. Only when the magnitude of nuclear 
power development is seen in proportion to the 
national effort and resources generally can it be 
judged whether the balance is sound and how far 
further development is prudent. 
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Bioenergetics 
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: HERE is but one safe way to avoid mistakes— 

to do nothing—or at least to avoid doing some- 
thing new. This, however, may be the greatest 
mistake of all.” With these characteristic words 
Szent-Gyérgyi prefaces his book on bioenergetics. 
If his scientific readers expect to get from his book a 
precise report on ascertained facts they will be dis- 
appointed. Szent-Gyérgyi’s work has throughout 
been marked by its bold advances, by its intuitions 
which, seeming rash at the time, are afterwards 
found to be verified. 

In the field of muscle physiology, which still remains 
his chief centre of interest, if anyone so exuberant 
can be limited to one centre, his speculations and 
experiments of twenty years ago on actin and myosin 
were first of all regarded as fantasies but have 
now become the cornerstone of muscle biochemistry. 
Anyone who disregards Szent-Gyérgyi’s intuitions 
takes a very big risk—they may turn out to be true. 
In this book he is speculating about one of the aspects 
of living structure which has usually fallen by the 
way, but which is essentially the main one of all. 
The problem is, in his own words, ““How does energy 
drive life ?” ; ‘“How does it move the living machine ?”’ 
It is this problem, first in relation to muscle contrac- 
tion and later on in the book related to many aspects 
of living performances, that Szent-Gyérgyi has his 
new suggestions to make. It is essentially an attempt 
to weld together ideas on physiological actions, on 
quantum relations, particularly with regard to 
excited states, especially the triplet state, and to 
examine the action of the chief magician of biological 
systems, adenosine triphosphate and its so-called 
energy-rich phosphate bond. It is true that the 
richness of the bond has been somewhat deflated in 
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recent years, but it still remains a most remarkable 
fact that nearly all the energy changes that have been 
carefully studied in living systems operate through 
the making or breaking of such bonds and it is 
usually in connexion with adenosine triphosphate or 
very similar substances. It was Szent-Gydérgyi 
himself, refining the work of Needham and Engel- 
hardt, who showed that the contraction of muscle is, 
as he says, “essentially the interaction of acteomyosin 
with ATP and ion”. Most other biochemists would 
say it is associated with, or connected with this 
interaction, but Szent-Gyérgyi scorns any such 
qualifications. 

He produces in his first chapter a picture of muscle 
contraction based on the rearrangement, inside an 
elongated myosin molecule, of the far smaller globular 
proteo-myosin molecules of molecular weight 4,500. 
Such reorganization has, however, still to be demon- 
strated. It seems more and more unlikely in view of 
the detailed picture presented by the electron micro- 
scope in the hands of Huxley and others. Indeed, 
any mechanism of muscle contraction involving the 
chain-length of a particular filament is probably 
inadequate. However, this does not effect Szent- 
Gyorgyi’s subsequent argument, which is mostly 
concerned with how the energy needed for contraction 
gets into the muscle filament. Essentially, Szent- 
Gyérgyi’s hypothesis can be written in his terms in 
the formula : 


<—_—— muscle activity, luminescence 
Ey... 2H, 2h, 2E, 2E* 2hvorw 
——— photosynthesis 


where EH, represents the energy reserve of the system 
and hy or w, as the case may be, the light or mechanical 
work absorbed or given out. The characteristic 
feature on which he lays stress is the term marked 
E* interposed between the last energy state and the 
final quantum product. This is the excited molecular 
stage. Szent-Gyérgyi here postulates the need for 
a special molecular configuration to allow this energy 
to travel from one part of the molecule to the other. 
These considerations lead him into a study of the 
photo-emission and photo-absorption of molecular 
systems, with the phenomena of fluorescence, phos- 
phorescence and quenching. The intermediate states 
of the electronic excitation system can pass, exception- 
ally, through triplet forms, and these triplet forms of 
excitation he treats rather in the same way as the 
free radicals. As in the case of free radicals he 
imagines them to be immobilized in suitable states, 
particularly the glassy state. He equates the energy 
of the energy-rich phosphate bond, taken as 10 kcal., 
as corresponding to a wave-length of 2-3. in the 
near infra-red. Modern measurements give it as 
nearer 6 kcal. and therefore in the range of 5--6y, 
even farther in the infra-red. However, he does not 
expect these bonds to be stimulated directly by visible 
light, which has a far higher energy, but only through 
some intermediate mechanism. 

So far Szent-Gyérgyi has followed fairly straight- 
forward quantum chemical lines. He breaks new 
ground, however, by associating the conditions of 
triplet excitations and energy-transfer with the 
properties of water or, more particularly, of ice. He 
describes a series of beautiful qualitative experiments 
by which the fluorescence of certain dyes and certain 
biologically active substances has profoundly altered 
the freezing of the water in which they are dissolved. 
Ordinary freezing is less effective than sudden deep 
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freezing in ‘dry ice’. As, however, he carefully states 
that these effects are spoilt by substances such as 
glycerol, which prevent ice crystallizing, it is difficult 
to see that he is doing anything other than studying 
the reactions of such molecules expelled from the 
solution on the formation of ice crystals. It may be, 
however, that they are actually incorporated in the 
ice-crystal structure, but this would require more 
proof than he provides. 

As he says himself, ‘“‘when considering water 
structures we enter fantastic and fascinating worlds’’. 
It is certain that the experiments described here 
deserve to be taken up again under controlled condi- 
tions to find out what produces the large effects that 
he has observed. In any event, they are worth while 
in directing attention to the states of aggregation 
of water in biological systems, especially at low 
temperatures, of which the remarkable work of Dr. 
B. J. Luyet has shown the degree of complexity. 
Szent-Gyérgyi himself now tends to turn to water to 
explain a number of phenomena where previously 
attention had been devoted to the more purely 
biological structures such as myosin, particularly the 
role of bound water on the surface of protein and other 
intracellular micelles. 

Szent-Gyérgyi heads the second part of his work on 
biological structures and functions with the remark, 
‘Research is to see what everybody has seen and to 
think what nobody has thought”. Earlier he says : 
‘The more we learn about myosin the less we under- 
stand it, which suggests we are looking at it in the 
wrong way”. In this section he turns to the structure 
of the water outside the muscle, which after all makes 
up more than 80 per cent of its weight, to set the 
picture to rights. He uses this concept not so much 
to explain the contraction of muscle but, in his charac- 
teristically upside down way, to explain the relaxation 
of muscle. As he says, “‘the problem of contraction 
is not what makes the particle shorten but what 
keeps them extended when at rest, or stretches them 
out again after contraction”. This he explains by 
a kind of crystallization of the water in the immediate 
contact with myosin particles. 

There follows a discursive but most suggestive 
account which links this with the action of adenosine 
triphosphate in other systems, and much complex 
biochemistry concerned with the various types of 
interference with energy transfers, for example, that 
produced by 2 : 4 dinitronaphthol or by iodine. There 
is no space here to go into the whole of the numerous 
fascinating suggestions he makes covering the whole 
range of biochemical and physiological phenomena. 
For example, he discusses the action of the drug 
chlorpromazine in the treatment of schizophrenia, 
provides an explanation of myotonia in relation to the 
action of the drug 2:4 dichlorphenoxy acetic acid 
which artificially produces the same symptoms, and 
in general discusses the whole question of health and 
disease right down to “oxidation, fermentation and 
cancer”’ in the last chapter. 

On almost every page there is some idea worth 
thinking about and worth starting some new experi- 
ments to prove or disprove. It is a book which will 
inspire many and infuriate some. To quote Belloc’s 
preface to “Ruthless Rhymes”, “‘And is this true ? 
It is not true, And if it was, it would not do”. Or 
rather, it does not matter. In the present revolu- 


tionary state of biochemistry, such challenging ideas 
may be more important than carefully checked 
measurements of unimportant phenomena. 

J. D. BERNAL 
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A HUNDRED YEARS 
OF CHEMICAL INDUSTRY 


The Chemical Industry during the Nineteenth 
Century 

A Study of the Economic Aspect of Applied Chemistry 

in Europe and North America. By Dr. L. F. Haber. 

Pp. x +292. (Oxford: Clarendon Press; London : 

Oxford University Press, 1958.) 45s. net. 


HERE is no more rewarding background study 

for a young man entering the chemical industry 
than the history of its development during the past 
hundred years or so. The research chemist will learn 
much from the successes and failures of his pre- 
decessors. Almost unconsciously he will acquire a 
sense of scale and a perception of values which will 
help him to relate the worth of his individual work 
to the future prosperity and expansion of the industry 
in which he is engaged. The young plant manager 
will derive encouragement from the accounts of the 
start of new processes and of operating difficulties 
successfully overcome by resourceful engineering. A 
study of the rise and fall of varying methods of 
manufacture due to different raw materials, different 
chemical efficiencies and the changing requirements 
of customers cannot fail to stimulate interest in the 
economic prosperity of the process he is operating or 
developing. 

The publication of Dr. L. F. Haber’s book, ““The 
Chemical Industry during the Nineteenth Century” 
is therefore to be warmly welcomed. 

The book is a mine of detailed information and the 
accuracy is of a high order. Particularly valuable for 
the student are the ample footnotes with their 
references to the original sources. The compilation 
of the book must have involved the author in an 
immense amount of devoted labour. 

It is not, however, very easy reading, partly on 
account of the number of detailed facts, some of 
which, though interesting in themselves, are to a 
certain extent irrelevant to the main themes of the 
book, but also because of the rather curious division 
of the chapters. Some of them deal with special 
topics, such as ‘‘New Schools of Science’’, ‘“New 
Technologies” and ‘“‘The Workers in the Nineteenth 
Century Chemical Industry’, over the whole of the 
period under review, whereas others deal with the 
history of such processes as Leblanc soda manufacture 
and the ammonia-soda process in sections divided 
into arbitrary periods of time which have no special 
relation to technical changes or commercial com- 
petition. The author, in his introduction, rightly 
emphasizes the great interest of the changing role of 
the Leblanc soda trade, but in the book the story is 
cut into half a dozen sections unrelated except by a 
certain degree of repetition. 

It would be of great interest to the student if the 
author, at some future date, could write the fascin- 
ating story of the development of the alkali industry 
a8 @ thesis in itself. The main facts and factors 
involved are already in the present book, but their 
presentation as a continuous story would bring out 
far more clearly the reasons for the decline and fall 
of the Leblane process and the technical and economic 
changes behind it. 

The chemical industry exists primarily to serve the 
Taw material requirements of other industries. As 
the standard of living increases, so does the extent 

prosperity of consumer industries grow. The 
chemical industry grows with them. 
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In the nineteenth century, the remarkable _§in- 
crease in the textile industry in the United Kingdom, 
and to a lesser extent in the production of glass, 
paper and soap, brought with it a rapidly increasing 
demand for soda ash, for bleach, for sulphuric acid 
and for saltcake. It is difficult to realize to-day that 
in the decade 1870-80 the demand for bleaching 
powder, owing to the enormous size of the cotton 
textile industry, was nearly as big as the demand for 
soda ash. It was for this reason that, in spite of the 
chemical elegance of the ammonia-soda process and 
the great technical advantage of a continuous process 
as opposed to the batch working of the Leblanc 
manufacturers, Brunner Mond and Co. were forced 
to make chlorine and bleaching powder from the 
liquor of the ammonia-soda process. The daring and 
technically successful achievement of Dr. Mond in 
producing chlorine from ammonium chloride (incor- 
rectly described as ‘‘calcium chloride” on p. 159) 
by vaporizing it and passing it over nickel oxide 
pills was costly, but it served its commercial purpose 
by preventing the Leblanc manufacturers from 
increasing the price of bleach and selling soda ash 
as a by-product at give-away prices. The interesting 
graph of bleaching powder prices in Appendix 5 
illustrates this well. 

The sections of the book dealing with the develop- 
ment of the dyestuffs industry make interesting read- 
ing, though here again the story suffers from a certain 
lack of continuity which makes it difficult to follow 
the economic factors involved. 

The chapter entitled ‘‘Chemical Manufacturers and 
their Problems” gives a number of tables illustrating 
movements in international trade in chemicais and 
directs special attention to the effect of tariff changes. 
A particularly vivid example which is quoted is that 
of the Dingley tariff in the United States. Until the 
early ‘nineties, the United States was by far the most 
important export market for British alkali manu- 
facturers, taking the enormous quantity of more than 
150,000 mixed tons. Within a year or two of the 
imposition of the tariff, British exports had diminished 
to a mere trickle. J. L. S. Sreen 


THE STATISTICAL DESCRIPTION 
OF VEGETATION 


Quantitative Plant Ecology 

By P. Greig-Smith. Pp. ix+198. (London : Butter- 
worths Scientific Publications ; New York : Academic 
Press, Inc., 1957.) 30s.; 6 dollars. 


HIS book deals primarily with some of the 

statistical approaches to the problems of describ- 
ing the distribution of vegetation and, in a few cases, 
of species. The basis of these techniques involves 
concepts such as those of density, frequency and 
cover, which are first explained and then used to 
introduce the principles involved in sampling, the 
arrangement and size of the units of estimation and the 
comparison of the results of different sets of observa- 
tions. A considerable part of the book is devoted 
to the analysis of what is called ‘pattern’ in vegeta- 
tion—defined as the departure from randomness of 
distribution of individuals within the plant com- 
munity—and then to the possible relationships 
between the patterns shown by different species and 
their correlation or lack of correlation in distribution. 
Finally, consideration is given to the possibility of 
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delimiting plant communities on purely objective 
grounds and the bearing of this upon the classification 
of vegetation. 

Although one chapter gives examples of correlations 
between vegetation and the level of environmental 
factors, the book is not primarily concerned with 
ecology in the usual sense of the word—the relation 
between organisms and their environment—or with 
the quantitative study of these relations as estim- 
ated, for example, by weighing, counting or measuring. 
To this extent the title is a misnomer. It is, indeed, in 
the reviewer’s estimation the only part of the book 
open to real criticism. 

Although ecologists dealing with vegetation have 
usually accepted the simplest descriptive units which 
could be clearly defined (hence often a species) as 
the quantitative basis for correlations between 
vegetation and environment, most of them at some 
time have also wished for larger units with objective 
biological significance. Long ago this was the initial 
attraction of the methods of the Upsala school, 
though in that case, as so often since, the hope was 
oon dispelled. This ideal the author of this work 
keeps clearly in mind and the great merit of the book 
is that it discusses at frequent intervals the basic 
problems which have to be faced in arriving at suitable 
underlying concepts. It indicates how, in the author’s 
opinion, solutions might be found. While the reader 
may find himself at times unable to agree with the 
author, he will certainly also find the discussions 
thoughtful and stimulating, though, as is often the 
case in such matters, it is not possible to convey their 
interest in a short review. 

This is a useful and timely book : useful, because it 
collects most of the pertinent arguments and statistical 
methods in one volume; timely, because it tries to 
integrate the large recent accessions of literature in 
this field and also because it presents and unifies 
ideas and thus will undoubtedly form a basis for 
further advances. W. H. PEARSALL 


SCIENCE FOR STUDENTS OF THE 
HUMANITIES 


Harvard Case Histories in Experimental Science 
Edited by James Bryant Conant and Leonard K. 
Nash. Vol. 1. Pp. xvi+322. Vol. 2. Pp. v+323- 
639. (Cambridge, Mass.: Harvard University Press ; 
London: Oxford University Press, 1957.) 80s. net 
the set. 


HE case histories in experimental science intro- 

duced to Harvard by J. B. Conant have become 
widely known as representing an interesting experi- 
ment in the teaching of science to non-scientists. 
The collection of eight of these case histories into 
two volumes, under Conant’s editorship, has now 
made them easily available to English readers. The 
‘cases’ are concerned with: Boyle’s experiments in 
pneumatics ; the overthrow of the phlogiston theory ; 
the early development of the concepts of temperature 
and heat ; the atomic—molecular theory ; plants and 
the atmosphere; Pasteur’s study of fermentation ; 
Pasteur’s and Tyndall’s study of spontaneous 
generation; the development of the concept of 
electric charge. 

Each ‘case’ is in the form of a self-contained essay 
aimed at bringing the reader into the frame of mind 
of the earlier experimenters and at showing him how 
difficult it often was for investigators to make a 
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break with tradition and to start thinking along new 
lines. It is shown how the change in point of view 
depended jointly on experimentation and on imagin- 
ative conjecture, and how the approach was seldom 
direct, but when seen from our more enlightened 
point of view seems often to have been roundabout 
and tortuous. To bring the reader more closely into 
contact with the mental attitude of the original 
investigators, skilful use is made of quotations from 
original papers. 

It is difficult for a scientist to assess how far a 
non-scientist would find these essays interesting or 
instructive. For that it is best to rely on experience 
in the United States, where, at Harvard and else- 
where, they have been highly successful, in the hands 
of skilled teachers, in transmitting something of the 
principles of scientific investigation to those whose 
main studies were in the humanities. 

To a scientist, however, there is no doubt at all 
that the essays provide an excellent account of how 
a series of discoveries came about, and the reader 
finds himself sharing in the excitement of the early 
investigators. Most scientists will find much that is 
new, even in the history of their own subject. I 
learnt for the first time, for example, how Hauksbee’s 
experiments led him by curiously devious routes from 
the study of the flash of light which sometimes 
occurs in the space above the mercury when a 
barometer tube is shaken, to the discovery of several 
new phenomena in electrostatics and, in particular, 
to that of electrostatic induction. 

Most degree courses in science are so concerned 
with imparting the maximum of ‘useful’ knowledge 
that neither teachers nor learners often find time to 
inquire just how some of the concepts they take for 
granted really arose. It is difficult to avoid being 
swept along with this rushing stream of education 
and discovery ; but if it is to be education in the true 
sense, and not just the acquiring of technical know- 
ledge which will ‘work’ when one has to solve a 
problem, it is necessary to pause at intervals and ask 
how some of our present-day scientific concepts first 
arose. 

These volumes will provide quiet backwaters into 
which the research worker or teacher can turn and 
linger for a short time to study what has happened 
to the streams of discovery before he joined it, and 
before he joins it again in his headlong rush to make 
those advances in knowledge which will form the 
subject of ‘case histories’ in the future. 

J. A. RATCLIFFE 


THEORETICAL OPTICS 


Geometrical and Physical Optics 

By Dr. R. 8. Longhurst. Pp. xvi+534. (London and 
New York: Longmans, Green and Co., Ltd., 1957.) 
60s. net. 


pene necessarily asking too much from the 
reader of limited mathematical attainment. 
Dr. Longhurst has given @ most comprehensive 
account of geometrical and physical optics at degree 
standard which should be widely welcomed. For 
the pass or general degree student, the treatment is 
taken as far as possible along elementary lines. The 
more difficult mathematical work is grouped into 
separate sections, for those who have to read more 
deeply ; and modern experimental work, and practi- 
cal applications of optical techniques, are discussed 
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at a level which should prove both helpful and 
stimulating to the more advanced student who may 
later specialize in optics. 

The first five chapters deal with the general 
geometrical theory of the perfect image-forming 
optical system, the paraxial theory of optical instru- 
ments, the determination of the constants of optical 
systems, and the use of the prism in refractometry 
and spectroscopy. Next, the mathematical treatment 
of the wave equation, and the ideas of coherence and 
wave and group velocity, introduce the wave theory 
of light. Three chapters on interference follow— 
treating the interference of two beams by wave-front 
division, that of two beams by amplitude division, 
and multiple-beam interferometry. Chapter 10, 
after a critical discussion of Fresnel’s theory of 
diffraction, deals fully with Kirchhoff’s diffraction 
formula, and then explains the basis on which 
diffraction patterns are classified as ‘Fresnel’ or 
‘Fraunhofer’, Chapter 11, on the single slit, and 
Chapter 12, on diffraction gratings, between them 
cover all aspects of Fraunhofer diffraction. Chapter 
13 deals separately with the Fresnel type. It is 
usual (and indeed essential if they are to be intel- 
ligible) to dissect interference and diffraction effects 
in this manner, but it is rarely so constructively 
done; and it is a great assistance to find practical 
applications such as the Twyman-Green interfero- 
meter, the wave-front shearer, and the Sears-Barrell 
length-standard work, classified likewise under the 
appropriate heading. 

Chapters 15 and 16 discuss the aberrations of 
lenses, the means of controlling them in optical 
systems, and a number of standard lens combinations. 
The chapter on visual optics deals also with colour : 
that on photometry is chiefly concerned with stand- 
ards and with visual photometry. The final chapters 
deal with the electromagnetic theory, the propagation 
of light in crystals, optical activity, and the velocity 
of light. Much has been done since R. T. Birge’s 
review of this last subject in 1941, and a good account 
of the work up to 1957 is given here. 

This last comment summarizes one quite striking 
feature of the book; that it is the work of an 
enthusiast who would have his students well informed 
on current progress. But the whole is unusually well 
planned for its purpose, from the patient sorting out 
of the sign convention at the beginning to the 
arrangement of the severer mathematics for ‘‘omission 
at a first reading’; it is a really excellent book. 
Dr. Longhurst, in the preface, calls it ‘‘a student’s 
textbook”. This it most certainly is, but there must 
be many people well past their student days who will 
find it to be a valuable work of reference. 

G. R. Noakes 


HISTORY OF IRON IN BRITAIN 


History of the British Iron and Steel Industry from 
c. 450 B.C. to A.D. 1775 
By Dr. H. R. Schubert. Pp. xxi+445-+26 plates. 


(London: Routledge and Kegan Paul, Ltd., 1957.) 
60s. net. 


"Towanps the end of the fifteenth century a 
4 technological discovery was made which revolu- 
tionized the iron industry and was, in fact, the 
harbinger of our modern civilization. From the very 
beginning of the Tron Age this metal had been pro- 
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duced by the direct reduction of the ores in furnaces 
of small size in which the temperature normally 
never attained that required for fusion, though it is 
certain that on occasion and by accident the sponge 
iron produced became carburized to such an extent 
that a molten product—white cast iron—was 
obtained. As the size, and particularly the height, 
of the furnace in which the reduction was effected 
was increased, higher and higher temperatures were 
attained until, finally, the forerunner of the modern 
blast-furnace was developed and molten iron was 
produced deliberately. This great change in tech- 
nique resulted in a relatively enormous increase in 
output. It further provides the justification for the 
division of this really important contribution to the 
history of technology into two parts, the first con- 
cerned with the early history of a process which 
resulted in a soft sponge iron, the latter in the 
production of molten cast iron, used at first mainly 
for the production of military castings, which 
required a second process for its conversion into a 
malleable product. 

The author, a professional historian, surveys the 
whole history of the industry from the first intro- 
duction of iron to Britain to the time when molten 
steel was produced commercially by the Huntsman 
process; but nowhere is his background shown to 
better advantage than in the skill with which he has 
revealed the extent to which the introduction of the 
blast-furnace increased the output of metal obtained. 
In the course of a few decades the daily output per 
furnace was raised some seven times. The wide field 
over which the material has been collected and the 
great skill with which it has been sifted and woven 
into a surprisingly coherent story deserve the 
highest praise. 

Of the earliest English blast-furnaces neither 
picture, description nor remains have been pre- 
served: the furnace, previously supposed to be of 
this nature, from a drawing in the Public Record 
Office, was, in fact, a lead furnace erected in Derby- 
shire about 1552. It is, therefore, from the accounts 
of the Sussex ironworks, from 1541 onwards, that it 
has been possible to obtain some idea of the structure 
as it existed in the early sixteenth century, and the 
author has been able to reconstruct the main out- 
lines of this piece of equipment, a description 
which is rendered the more vivid from the excellent 
coloured frontispiece of a painting by the Flemish 
artist, Blés. 

There are certain minor imperfections in the text : 
W. Goland of Appendix 1, for example, should surely 
be Prof. W. Gowland, and that the author is not 
himself a metallurgist is here and there apparent. It 
is this fact, presumably, which leads him to perpetuate 
the heresy that there was some special virtue or 
magic in ores containing small amounts of manganese 
and titanium which rendered it possible for primitive 
metallurgists to produce a steel, as distinct from soft 
iron, in the early direct furnace. It is quite easy to 
do this even in the complete absence of either of 
those elements by allowing the reduced sponge to 
remain in contact for a sufficient time with the 
glowing charcoal. 

Despite such blemishes, however, there can be no 
question that the volume under consideration is one 
of quite outstanding merit, for which the archo- 
logist and technologist alike owe a very deep debt to 
the author himself and to the Iron and Steel Institute, 
through the support of which the researches here 
recorded were carried out. F. C. THompson 
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Nuclear Engineering 

Edited by Prof. Charles F. Bonilla. (McGraw-Hill 
Series in Nuclear Engineering.) Pp. xi+85 
(London: McGraw-Hill Publishing Company Ltd., 
1957.) 94s. 


WELVE specialists have collaborated in writing 

this book. Of the 800 pages, 170 are devoted to 
nuclear physics and associated subjects, 100 to reactor 
physics and shielding theory, about 300 to thermal 
and structural considerations, about 60 to instru- 
mentation and less than 20 to metallurgy. 

Although the nuclear physics is well presented, a 
more rigorous selection of topics with greater emphasis 
on those of immediate importance would have pleased 
the reviewer. There is a well-written chapter on 
radiation protection, which includes a clear explana- 
tion of the units used, the variety of which usually 
bewilders students. 

Reactor physics is not allotted enough space and 
too much is attempted in the space available. 
In covering neutron cycles, flux, extrapolation dis- 
tance, one group, multigroup and age theories, and 
resonance absorption effects, as well as discussing 
transport and diffusion theories and other topics in 
the space of 30 pages it has only been possible to 
survey the subject. 

The real value of the book Jies in its treatment of 
thermal and structural aspects of reactors, and for 
this section it can be recommended. There is a 
stimulating discussion of the potentialities and 
problems of non-elastic design methods. 

Concluding chapters deal with reactor types and 
legal aspects of nuclear power. 

As a text-book it suffers from having too many 
authors ; as a work of reference its value is enhanced 
by the many references included, particularly on heat 
transfer, but weakened by an inadequate index. 

W. Murcatroyp 


A Revision of the Australian Chafers (Coleoptera : | 


Scarabaeidae : Melolonthinae) 
By E. B. Britton. Vol. 1. Pp. viii+186+42 plates. 
(London: British Museum (Natural History), 1957.) 
80s. 


T is now generally recognized that an effective 

investigation into the biology and control of any 
group of animals must be based upon a sound tax- 
onomy, but all too frequently this basic requirement 
remains unfulfilled until a very late stage, when 
already much effort has been wasted because of faulty 
identification. In the present volume the systematics 
of an important group of beetles is placed upon a 
satisfactory footing in a comparatively early stage of 
the investigation. The damage done by the Melo- 
lonthinae as a whole is of considerable economic 
importance, and it is chiefly due to the root-feeding 
habits of the larve. A great variety of plants are 
attacked by one or other of the species : grasses and 
various field crops including maize and sugar cane 
and also vegetables and fruit. Sometimes a consider- 
able amount of damage is done by the adults of 
some species that feed upon the leaves of shade 
and fruit trees and also injure vines. It is somewhat 
surprising to find that all the pest species are in- 
digenrous, as indeed are all other Melolonithinae of 
Australia. 

The volume is exceptionally well illustrated ; there 
are 624 figures of which all but 25 drawings of the 
whole insect are arranged in 42 plates at the end. 
Most of the figures are simple but good outline 
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drawings of the male genitalia and of the head and 
prothorax of the different species. The keys are well 
done in the best modern style, and there would seem 
to be no difficulty in choosing between the alterna- 
tives offered in each couplet. Thirteen tribes are 
recognized of which no less than ten are described as 
new. The Sericini and four of the new tribes are 
dealt with in this first volume. These five tribes 
include 203 species of which 67 are described for the 


first time. H. E. Hinton 
Fibre Microscopy 
Its Technique and Application. By Dr. J. L. 


Stoves. Pp. viili+276. (London: National Trade 
Press, Ltd., 1957.) 50s. net. 


O much is the make-up of all biological tissues of a 

fibrous construction, so much does man put 
numerous animal and vegetable fibres to supple- 
mentary uses, and so much has he now extended the 
idea into similar fields more purely of his own inven- 
tion, that there is a continual need for good and 
up-to-date writing on the subject, and a new book of 
the kind on fibre microscopy can scarcely fail to be 
most acceptable to all sorts of readers. Dr. Stoves, 
out of his wide experience and contacts in such 
matters, has certainly provided one in the volume 
noticed here, directed to “students, laboratory 
assistants, analysts and research workers’’—and 
that means, among many others, archeologists and 
criminologists, for example; and he has spread its 
informative coverage over all the latest developments, 
including, of course, phase-contrast, interference and 
reflexion microscopy and, of ever-growing importance 
these days in spite of the expense, electron micro- 
scopy (plus, it should be mentioned, a chapter on 
metal shadow-casting in visible microscopy). He 
applies them then to the examination of almost 
anybody’s fibres, so to speak. There are also excellent 
bibliographies and suggestions for further reading, 
indexes of animals and plants, and lists of stains and 
staining reactions. Altogether, this is a very worth- 
while book indeed. W. T. AsTBURY 


Bakteriophagie 1917 bis 1956 
Zugleich ein Vorschlag zur Dokumentation wissen- 
schaftlicher Literatur. Von. Dr. Hansjiirgen Raettig. 


Teil 1: Einfiithrung—Sachregister—Stichwortver- 
zeichnis, Pp. xix+215. Teil 2: Autorenregister. 
Pp. iii+344. (Stuttgart: Gustav Fischer Verlag, 


1958.) 44 D.M. 


HESE two little books are intended as a guide to 

the literature on bacteriophage published be- 
tween 1917 and 1951; they are a monument to 
German industry and thoroughness. Vol. 2 lists 
under authors no less than 5,655 references. Looking 
up fifty references, some of them from rather obscure 
journals, failed to reveal one which was not listed, 
and quite a large number from Russian journals are 
included. Vol. 1 classifies the material under sub- 
jects; here the arrangement is good but not perfect. 
A few omissions were detected: for example, 
Escherichia is unaccountably missing on p. 137. 
The books suffer, as do most bibliographies, from the 
defect that one cannot tell which of the many 
references are the really important ones. 

The format is excellent; the limp covers in an 
attractive blue-grey add to the appeal of the volumes. 
Anyone who has to write an article, a review or even 
a book on phage will find that Dr. Hansjiirgen has 
saved him much of hislabour. C. H. ANDREWES 
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OF ISOLATED CHLOROPLASTS 


By Dr. ACHIM V. TREBST, HARRY Y. TSUJIMOTO and Pror. DANIEL |. ARNON 


Laboratory of Plant Physiology, Department of Soils and Plant Nutrition, University of California, Berkeley 


rT HE recognition of a ‘dark’, that is, a thermo- 

chemical phase in photosynthesis, had its origin 
in Blackman’s findings’, that at high, but not at low, 
light intensities the rate of photosynthesis is dependent 
on temperature. Warburg named this thermochemi- 
cal stage of photosynthesis the Blackman reaction and 
established its sensitivity to cyanide*. The present 
communication reports the physical separation, by 
fractionating chloroplasts, of the light and dark 
phases of photosynthesis. The light phase was 
completed first and was then followed by the dark 
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Fig. 1. }Radioautograph of a chromatogram showing products of 
photosynthetic “CO, assimilation by illuminated chloroplasts. 
Experimental conditions as in treatment 3 of Table 1 
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Fig. 2. Radioautograph of a chromatogram showing products of 
dark CO, assimilation by a chlorophyll-free extract of chloro- 
plasts, supplemented with ‘assimilatory power’ formed in a 
previous light reaction. Experimental conditions as in treatment 


1 of Table 1 





phase. The two phases, when carried out conse- 
cutively, yielded essentially the same final photo- 
synthetic products as the continuously illuminated 
complete chloroplast system. 

It has recently been shown that the organization 
of the living cell is not necessary for photosynthesis 
as it is usually defined*. Reduction of carbon dioxide 
to carbohydrates accompanied by oxidation of water 
to oxygen is carried out, at low temperatures and 
with no energy supply except visible light, by isolated 
chloroplasts, unaided by other cellular particles or 
enzyme systems*-!2,13-15, 

This extracellular photosynthesis by chloroplasts 
differs from that process in whole cells notably in 
that. it proceeds independently of concurrent cellular 
activities, such as respiration, which cannot be 
divorced from photosynthesis in intact cells'*, 
Isolated chloroplasts, if freed from other cytoplasmic 
impurities, do not respire®.1°.17—a conclusion which 
has recently received strong support from the work 
of James and Das'*. The products of photosynthesis 
by isolated chloroplasts are mainly carbohydrates ; 
amino-acids were not formed in the experiments 
reported here (Figs. 1, 2, 3). The role of amino-acids 
in photosynthesis has assumed special interest in 
the light of Warburg’s’® recent findings with Chlorella 
cells. 

Although extracellular photosynthesis by chloro- 
plasts cannot be equated in all respects with photo- 
synthesis in intact cells it retains the principal 
features of that process, and permits their investiga- 
tion in isolation from concurrent cellular activities. 
The separation of photosynthesis by chloroplasts 
from the structural and functional complexity of the 
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Fig. 3. Radioautograph of a chromatogram showing products of 
dark CO, assimilation by a chlorophyll-free extract of chloro- 
plasts supplemented with adenosine triphosphate, and reduced 
triphosphopyridine nucleotide formed by the oxidation of iso- 
citrate. Experimental conditions as in treatment 9 of Table 3 
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whole cell has provided a particularly useful approach 
to the study of those problems in photosynthesis 
in which a clear distinction from the dark reactions 
of respiration is especially pertinent. One of these 
problems is the relation between the light and dark 
reactions in photosynthesis. 


The Photochemical Phase of Photosynthesis : 
Oxygen Evolution and the Generation of 
Assimilatory Power 


Systematic studies of the photochemical reactions 
of isolated chloroplasts, without the participation cf 
carbon dioxide, began with the experiments of Hill?® 
in 1937. Recent progress which led to the character- 
ization of the physiological products of these reactions 
came from two directions: the finding of a photo- 
chemical phosphorylation system in chloroplasts** 
and, as will be discussed next, the identification of the 
reductant for the assimilation of carbon dioxide. 

Vishniac and Ochoa”, Tolmach®*, and Arnon* 
found that, in light, isolated chloroplasts can reduce 
pyridine nucleotides and simultaneously evolve 
oxygen, if this photochemical reaction is coupled 
with an enzyme system capable of utilizing the reduced 
pyridine nucleotides. A direct reduction of pyridine 
nucleotides by illuminated chloroplasts, as measured 
by the accumulation of the reduced product, was 
demonstrated by San Pietro and Lang**. Evidence 
has also been obtained that triphosphopyridine nucleo- 
tide rather than diphosphopyridine nucleotide is 
preferentially reduced in light?*?’. 

Another photochemical process occurring in isolated 
chloroplasts is photosynthetic phosphorylation, that 
is, the utilization of light energy for the synthesis of 
high-energy phosphate bonds in accord with the 
overall reaction 1, where P represents orthophosphate 
and ADP and ATP represent adenosine diphosphate 
and triphosphate, respectively. 


t 
n.ADP + n.P -————> n.ATP (1) 
chloroplasts 

In reaction 1, all the captured light energy is con- 
verted into the high-energy pyrophosphate bonds of 
adenosine triphosphate. This type of photosynthetic 
phosphorylation has been named cyclic photo- 
phosphorylation*'. 

The connexion between photosynthetic phosphoryl- 
ation and the reduction of triphosphopyridine 
nucleotide was not clear at first, but was later, rather 
unexpectedly, found to be very direct*.**?*, It is 
shown in reaction 2. 

light 
2TPN + 2ADP + 2P + 4H,O 
chloroplasts 


2TPNH, + 2ATP + O, + 2H,0 (2) 


In reaction 2, only part of the light energy absorbed 
by chlorophyll is trapped in the pyrophosphate bond 
of adenosine triphosphate ; the remainder is used 
for the formation of reduced triphosphopyridine 
nucleotide. Reaction 2 may therefore be viewed as 
representing the essential photosynthetic events in 
green plants: the transformation of light energy 
into chemical energy accompanied by the evolution 
of oxygen. The newly formed chemical energy is 
depos‘ted in two substances, which have been jointly 
termed ‘assimilatory power’™*!: a reductant (reduced 
triphosphopyridine nucleotide) and an energy-rich 
phosphorus compound (adenosine triphosphate). 

The stoichiometry of reaction 2, when measured 
under appropriate experimental conditions*!.**.?%, 
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indicates that the formation of four hydrogen equiva- 
lents, needed for reduction of one mole of carbon 
dioxide to the level of carbohydrate (= CH.OH), is 
accompanied by the evolution of one mole of oxygen, 
as would be expected from the well-known photo- 
synthetic ratio CO,/O, of 1. In addition, two moles 
of adenosine triphosphate are formed. Whether these 
fulfil the requirements for adenosine triphosphate in 
the assimilation of carbon dioxide cannot as yet be 
stated with certainty’*. If, however, reaction 2 
cannot by itelf supply enough adenosine triphosphate 
for carbon assimilation then it could be supplemented, 
to a varying degree, by cyclic photophosphorylation 
(reaction 1). 

To recapitulate, it is envisaged that in photo- 
synthesis by isolated chloroplasts the photochemical 
events are the evolution of oxygen coupled with the 
generation of ‘assimilatory power’ (reaction 2), and 
cyclic photophosphorylation (reaction 1). It is 
assumed that the cell has suitable regulatory mechan- 
isms for maintaining a balance between these two 
reactions*'. What remains to be demonstrated is 
that the products of these photochemical reactions, 
reduced triphosphopyridine nucleotide and adenosine 
triphosphate, are used for the dark assimilation of 
carbon dioxide to the level of carbohydrates. 

The Dark Phase of Photosynthesis : Carbon 
Dioxide Assimilation 


Experiments to test the effectiveness of the 
products of photochemical reactions in carbon 
assimilation in the dark were undertaken as follows. 
Substrate amounts of ‘assimilatory power’ were first 
generated in light in the absence of carbon dioxide. 
At the end of the light reaction carbon-14 dioxide 
was supplied in the dark, and, after an incubation 
period, its total fixation was measured. The newly 
formed radioactive compounds were identified by 
paper chromatography and radioautography’. 

In carrying out the dark reaction it soon became 
apparent that the green portion of the chloroplasts 
was superfluous. In accord with previous results®.®.!!, 
the chloroplast enzymes responsible for carbon 
assimilation were present in the chlorophyll-free, 
water-soluble portion of the chloroplasts (‘stroma’). 
The water-insoluble green portion of the chloroplasts 
(‘grana’) was therefore removed by centrifugation 
after the light reaction was completed. This separa- 
tion by centrifugation was possible since the chloro- 
plasts used were already disrupted through immersion 
in the hypotonic reaction mixture. ™“CO, was then 
supplied to the chlorophyll-free extract which con- 
tained, in addition to the soluble enzymes, catalytic 
amounts of sugar phosphate! and the two compon- 
ents of assimilatory power generated in the previous 
light reaction: reduced triphosphopyridine nucleo- 
tide and adenosine triphosphate. 

As shown in Table 1, in the presence of ‘assimilatory 
power’, the chlorophyll-free extract was able to fix 
14CO, in the dark. Only feeble fixation occurred 
in the dark without the components of assimilatory 
power (treatments 1 and 2). The dark fixation of 
carbon dioxide by the chlorophyll-free extract supple- 
mented with ‘assimilatory power’ was comparable 
with fixation in the light where “CO, was supplied 
at the beginning of the illumination period to a 
reaction mixture containing the complete chloroplast 
system. Here ‘assimilatory power’ was formed 
continuously in the light and used at once for carbon 
dioxide fixation (treatment 3). Very little fixation 





















4 
i 
4 






















No. 4632 August 9, 1958 





Table 1. CARBON DIOXIDE FIXATION BY A CHLOROPHYLL-FREE 
EXTRACT AND A COMPLETE CHLOROPLAST SYSTEM FROM SPINACH 

ae 

| 

| “CO, fixed 

| Treatment (counts/min.) 





1. Chlorophyll-free extract, dark + A.P.* 134,000 
2. Chlorophyll-free extract, dark — A.P.* 9,000 
3. Complete chloroplast system, light | 200,000 
4 


. Complete chloroplast system, dark 20,000 


: | 





* A.P. = Assimilatory power, that is, reduced triphosphopyridine 
nucl2otide and adenosine triphosphate formed in light by caisteolndhe. 

The complete chloroplast system contained in a final volume of 
2:5 ml. ‘broken’ chloroplasts (ref. 12) containing 0-5 mgm. chlorophyll, 
chlorophyll-free extract (ref. 12) equivalent to 2 mgm. of chlorophyll 
and the followingin micromoles: tris (hydroxymethyl) euinounethans 
buffer, pH 7-5, 80; magnesium chloride, 5; manganese chloride, 2 ; 
sodium ascorbate, 10; glucose-1-phosphate, potassium salt, 0-3; 
sodium phosphate pH 7-5, 5; adenosine diphosphate, 2; and tri- 
phosphopyridine nucleotide, 2. The reaction was carried out at 20° C. 
for 30 min.; gas phase,argon. In treatments 3 and 4, 10 micromoles 
sodium bicarbonate, containing “CO,, were injected at the beginning 
and the reaction vessels were illuminated or left in the dark, respec- 
tively. In treatment 1, the reaction mixture was first illuminated 
without the addition of bicarbonate. After 30 min., the particles 
containing chlorophyll were removed by centrifugation, and the 
chlorophyll-free supernatant fluid was incubated in the dark for 
30 min. with 1-5 micromoles cystein and 10 micromoles of sodium 
bicarbonate containing *CO,. The same procedure was followed in 
treatment 2 as in treatment 1 except that adenosine diphosphate 
and triphosphopyridine nucleotide were omitted. 





occurred in the complete chloroplast system in the 
dark (treatment 4). 

The products of carbon dioxide assimilation were 
found to be the same whether it occurred during 
continuous illumination (Fig. 1) or in the dark, at 
the expense of assimilatory power generated during 
a preceding light period (Fig. 2). They included 
hexose and pentose mono- and di-phosphates, phos- 
phoglyceric acid, dihydroxyacetone phosphate, and 
small amounts of phosphoenolpyruvate and malate. 

Carbon dioxide fixation in the dark was sensitive 
to cyanide. The inhibition at 10-* M cyanide varied 
between 60 and 80 per cent. 


Assimilatory Power from Outside Sources 


The conclusion that adenosine triphosphate and 
reduced triphosphopyridine nucleotide are the com- 
ponents of assimilatory power required by chloroplast 
enzymes for carbon dioxide assimilation was tested 
by supplying these substances, in substrate quantities, 
from external sources instead of generating them in 
a light reaction. The results are shown in Table 2. 

Reduced triphosphopyridine nucleotide, when pre- 
pared either chemically, or enzymatically with isoci- 


Table 2. CARBON DIOXIDE FIXATION IN THE DARK BY A CHLORO- 

PHYLL-FREE EXTRACT OF CHLOROPLASTS, SUPPLEMENTED WITH 

ADENOSINE TRIPHOSPHATE (ATP) AND REDUCED TRIPHOSPHOPYRIDINE 

NUCLEOTIDE (TPNH,) OF PHOTOSYNTHETIC AND NON-PHOTO- 
SYNTHETIC ORIGIN 











M4CO, fixed 

Treatment counts/min. 
1. Chlorophyll-free extract + A.P.* 96,000 
2. Chlorophyll-free extract — A.P.* 4,000 
3. Chlorophyll-free extract + ATPT 43,000 
4. Chlorophyll-free extract + (ATP+ + DPNH,t) 59,000 
6. Chlorophyll-free extract + (ATP+ + TPNH.§) 97,000 


Chlorophyll-free extract + (ATP+ + TPNH;'!) 140,000 











Treatments 2-6 were the same as treatment 2 in Table 1, except 
for the indicated additions. 


= A.P. = Assimilatory power, thatis, ATP + TPNH2, formed in light 
by chloroplasts (see treatment 1, Table 1). 

} Two micromoles (from animal sources, Sigma Chemical Co.). 

+ DPNH, = reduced diphosphopyridine nucleotide (2 micromoles) 
enzymatically prepared, Sigma Chemical Co. 

§1-4 micromoles, enzymatically prepared with isocitric dehydro- 
al The enzyme itself was without effect on the course of the 


2 micromoles, chemically prepared, Sigma Chemical Co. 
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tric dehydrogenase, was, in combination with adeno- 
sine triphosphate, as effective in bringing about 
carbon dioxide assimilation by the chlorophyll-free 
extract of chloroplasts as the ‘assimilatory power’ 
generated by illuminated chloroplasts. The omission 
of reduced triphosphopyridine nucleotide or its 
substitution by reduced diphosphopyridine nucleo- 
tide cut carbon dioxide fixation approximately in 
half. No significant fixation occurred when both 
reduced triphosphopyridine nucleotide and adenosine 
triphosphate were absent. 

In the dark fixation experiments described so far, 
reduced triphosphopyridine nucleotide was supplied 
in substrate quantities, since no provision was made 
for its regeneration, as would be the case with 
illuminated chloroplasts. However, carbon dioxide 
assimilation in the dark also proceeds with a catalytic 
amount of reduced triphosphopyridine nucleotide 
if its supply is maintained by an enzymatic reaction 
catalysing a triphosphopyridine nucleotide-dependent 
oxidation of an appropriate substrate. Parallel 
experiments have shown that in addition to the 
enzymes previously identified*.*.", the chlorophyll- 
free extract of chloroplasts contained glucose-6- 
phosphate dehydrogenase, 6-phosphogluconic acid 
dehydrogenase and isocitric dehydrogenase which 
catalyse, respectively, reactions 3, 4 and 5%*.°, 


Glucose-6-phosphate + TPN———~> 
6-phosphogluconate + TPNH, (3) 

6-Phosphogluconate + TPN —> 
ribulose-5-phosphate + CO, + TPNH, (4) 


p-Isocitrate + TPN—2"*_- 
a-ketoglutarate + CO, + TPNH, (5) 





Table 3 shows that catalytic amounts of reduced 
triphosphopyridine nucleotide (0-3 micromole) gener- 
ated in situ by the oxidation of one of three substrates, 
glucose-6-phosphate, 6-phosphogluconic acid or iso- 
citric acid, were, in combination with adenosine 
triphosphate, as effective for carbon dioxide assimila- 
tion in the dark as substrate amounts of reduced 
triphosphopyridine nucleotide (2 micromoles) used 
in previous experiments (Tables 1 and 2). Carbon 
dioxide fixation was greatly diminished by ornitting 


Table 3. CARBON DIOXIDE FIXATION IN THE DARK BY A CHLOROPHYLL- 

FREE EXTRACT OF CHLOROPLASTS, SUPPLEMENTED WITH ADENOSINE 

TRIPHOSPHATE (ATP) AND CATALYTIC AMOUNTS OF TRIPHOSPHO- 

PYRIDINE NUCLEOTIDE (TPN) REDUCED AT THE EXPENSE OF ONE 
OF THREE HYDROGEN DONORS 




















“CO, fixed 
Treatment Hydrogen donor |(counts/min.) 

1. Chlorophyll-free extract + 
* glucose-6-phosphatet 3,300 

2. Chlorophyll-free extract + 
P cs 45,000 

3. Chlorophyll-free extract + 
TPN* + ATPT a 171,000 

4. Chlorophyll-free extract + 
N* 6-phosphogluconatet 7,200 

5. Chlorophyll-free extract + 
* * 17,000 

6. Chlorophyll-free extract + 
onteet + oI iis ee 190,000 

7. orophyll-free extract + 
TPN* “i Isocitratet 16,000 

8. Chlorophyll-free extract + 
ATP ‘5 95,000 

9. Chlorophyll-free extract + 
TPN* + ATPT *” 292,000 








* 0-3 micromole. 

+ 2 micromoles. i 

t 5 micromoles of isocitrate plus 2 micromoles of ribose-5-phosphate 
(R-5-P) were added. 


Other experimental conditions as in treatment 2 of Table 1. 
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either adenosine triphosphate or tri- 
phosphopyridine nucleotide. Moreover, 
in the absence of reduced triphospho- 
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pyridine nucleotide little, if any, sugar 
phosphate was found among the pro- 
ducts of fixation. 

In the experiments represented by 
Table 3 photosynthesis has been re- 
placed by a chemosynthesis in the 
sense that the reductant required for / 
carbon dioxide assimilation by chloro- 0,+7—lH 
plast enzymes was being continuously 
generated at the expense of a chemical 
hydrogen donor, a sugar phosphate or 
an organic acid, instead of light energy. 
As shown in Fig. 3, the products of this 
chemosynthesis by chloroplast enzymes 
are the same as those found during 
photosynthesis (Fig. 1). 

In the present investigation, the 
chlorophyll-free extract of isolated 
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chloroplasts was the source of all 
the enzymes required for the dark 
synthesis of phosphorylated sugars 
from carbon dioxide. Other cell- 
free systems have been described as 
models for photosynthetic carbon 
assimilation. Racker*! used for the 
synthesis of hexose monophosphate a multi-enzyme 
system in which spinach leaves served as a source 
or the pentose cycle enzymes. These were sup- 
plemented** with glyceraldehyde-3-phosphate de- 
hydrogenase and aldolase from rabbit muscle and 
phosphoglyceric acid kinase from yeast. The reduc- 
tant was reduced diphosphopyridine nucleotide, 
rather than reduced triphosphopyridine nucleotide 
as in our experiments, and was generated either with 
molecular hydrogen and a diphosphopyridine nucleo- 
tide-linked hydrogenase from a bacterial source or 
with alcohol and an alcohol dehydrogenase from 
yeast. Fager** prepared from whole spinach leaves a 
protein fraction which fixed carbon dioxide not to 
the level of sugars but as phosphoglyceric and pyruvic 
acids. The rate of carbon dioxide fixation was in- 
creased when this fraction was illuminated in the 
presence of chloroplast fragments ; in his system the 
addition of diphospho- or triphospho-pyridine nucleo- 
tides had no effect, whereas that of adenosine triphos- 
phate was inhibitory to carbon dioxide fixation in 
both light and dark. 


General Considerations 


In whole cells the light and dark phases of photo- 
synthesis were investigated by techniques of inter- 
mittent illumination and experiments on induction 
phenomena*.*#-*8, Evidence began to accumu- 
late*?,3°,4°, and was later strengthened by experiments 
with radiocarbon*!-**, in support of the view that 
carbon assimilation occurs during the dark phase of 
photosynthesis. Pre-illuminated cells retained for a 
short time, measured in minutes**-** or seconds**, 
the ability to fix carbon dioxide afterwards in the 
dark. Benson and Calvin**.** interpreted this dark 
fixation as having been accomplished by a “‘reducing 
power” formed during the pre-illumination period, 
wher2as Gaffron et al.“® considered that pre-illumina- 
tion vroduced an acceptor which was carboxylated 
during the dark carbon dioxide ‘pick-up’. No experi- 
mental evidence was adduced in either case for the 
identity of the postulated short-lived product(s) 
of the photochemical reactions. 


Fig. 4. 


Scheme for photosynthesis by isolated chloroplasts. 
photolysis of water, catalysed by ‘grana’, results in the evolution of oxygen and the 
generation of assimilato1y power comprisiz g two components: reduced = 
pyridine nucleotide (TPNH,) and adenosine triphosphate (ATP). 

phase, assimilatory power is used by the enzymes in the ‘stroma’ for the 
assimilation of carbon dioxide in reactions independent of light 





In the light phase, 


In the dark 


Photosynthesis by isolated chloroplasts was found 
to lend itself to a physical separation into a light 
phase concerned with the generation of a stable 
assimilatory power, chemically defined as adenosine 
triphosphate and reduced triphosphopyridine nucleo- 
tide, and a dark phase during which the assimilatory 
power is used for carbon assimilation. A diagram- 
matic scheme of photosynthesis by chloroplasts, 
based on these findings, is shown in Fig. 4. 

The separation of the light and dark phases of 
photosynthesis in isolated chloroplasts was aided by 
the association of each phase with a different portion 
of the chloroplast. The dark phase of photosynthesis 
was found to be associated solely with the water- 
soluble chlorophyll-free extract. The light phase was, 
as would be expected, localized in the ‘grana’ fraction 
which contains the chlorophyll pigments. However, 
the light phase appears to involve, in addition to the 
‘grana’, some ‘stroma’ factors. At least one of these, 
the pyridine nucleotide-reducing factor**.*1,27, must 
be present if the generation of ‘assimilatory power’ is 
to occur in the light. 

The CO,-fixing enzymes are loosely associated with 
the chlorophyll pigment system in chloroplasts, and 
in photosynthetic bacteria** do not appear to have 
formed any structural association at all. Why then 
should carbon assimilation continue to be regarded as 
an essential part of photosynthesis ? Carbon dioxide 
assimilation by chloroplast enzymes can be studied 
as a dark process independent of the photosynthetic 
pigment system. The basic feat of photosynthesis, 
the conversion of light into useful chemical energy, 
is accomplished here through the formation of adenos- 
ine triphosphate and reduced triphosphopyridine 
nucleotide (equations 1 and 2). In the living cell 
these are present in catalytic amounts and hence the 
trapped light energy is usually, although perhaps 
not always", stored by coupling their formation with 
carbon assimilation. Jn vivo, the photochemical 
phase of photosynthesis is therefore tightly bound to 
carbon assimilation. But in isolated chloroplasts, 
adenosine triphosphate and reduced triphospho- 
pyridine nucleotides can be made to accumulate in 
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substrate amounts and their accumulation is a direct 
measure of the photosynthetic process. Here photo- 
synthesis may be considered as having been completed 
before carbon assimilation begins. The key problem 
of photosynthesis, the conversion of light into useful 
chemical energy, need not, therefore, be enmeshed 
in the dark enzymatic reactions responsible for the 
synthesis of carbohydrates. 

“We are indebted to Dr. F. R. Whatley for the 
preparation of chloroplasts. We were aided in this 
investigation by grants from the U.S. Public Health 
Service and the Office of Naval Research. 
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THE JOHN CURTIN SCHOOL OF MEDICAL RESEARCH, AUSTRALIAN 


NATIONAL 


N March 27, Sir Howard Florey, in the presence of 

the Prime Minister of Australia, the Right Hon. 
R. G. Menzies, opened the new building of the John 
Curtin School of Medical Research at the Australian 
National University in Canberra. The National 
University was founded in 1946 as a national centre 
for research and research training, initially in the 
fields of physical sciences, medical sciences, and the 
social sciences. 

There had long been complaints in Australia that 
many of the most able scientists left the country 
because of the greater attractions in universities and 
research institutions in Great Britain. Such com- 
plaints applied more to the medical sciences than to 
other natural sciences, for which the large and varied 
laboratories of Commonwealth Scientific and Indus- 
trial Research Organization provided first-class 
facilities, whereas the only medical research institute 
in Australia with an international reputation was the 
relatively small Walter and Eliza Hall Institute in 
Melbourne. 

In a report to the Commonwealth Government in 
1944, Sir Howard Florey suggested that a national 
institute for advanced medical sciences should be 
set up in Australia, and the John Curtin School of 
Medical Research, established as an integral part 
of a University devoted to research and research 
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training, is the result of this suggestion. Sir Howard 
Florey was intimately associated with the develop- 
ment of the School from the time of his report until 
1955, and the building he opened on March 27 is a 
monument to his inspiration and drive. There were 
no laboratories in Canberra in 1948 when the first 
professor was appointed, so the departments were 
started in laboratory space generously lent by several 
institutions—biochemistry at the Commonwealth 
Serum Laboratories, Melbourne ; medical chemistry 
at the Wellcome Research Institution in London ; 
microbiology at the Walter and Eliza Hall Institute in 
Melbourne ; experimental pathology in Sir Howard 
Florey’s Laboratories in Oxford and physiology in the 
University of Otago in New Zealand. 

In 1951, temporary laboratories were built in 
Canberra, and these were occupied between 1952 
and 1957, when the departments transferred to the 
present building (Fig. 1). This is a brick building 
about 170,000 sq. ft. in floor area. It is built in an 
H-shape, with four wings for laboratories (which are 
mainly confined to the upper two floor-levels) and a 
central spine housing lecture theatre, seminar rooms, 
offices, tea rooms and library. The lower levels of the 
building house many of the service departments : 
store, photography, media kitchens, mechanical plant, 
etc. In addition, there are two animal houses, each 
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Fig. 1. The John Curtin Sch ol of Medical Reszarch, Australian National University, Canberra 


of some 7,000 sq. ft. floor area—one for non-infected 
and the other for infected animals; an animal- 
breeding establishment some four miles away, and a 
large light-engineering workshop. 

The laboratory wings have on the south side labora- 
tories 20 ft. deep and on the north side service rooms 
(hot rooms, cold rooms, etc.) and studies 14 ft. deep. 
The laboratory layout on each floor-level is adapted 
to the needs of the particular department, but within 
the departments it follows a standard plan. 

At present there are five departments—biochem- 
istry, experimental pathology, medical chemistry, 
microbiology and physiology. Prof. A. H. Ennor, 
head of the Department of Biochemistry, is also dean 
of the School. His department comprises nine staff 


HIGH ENERGY 


4 peer annual international conference for 1958 
on High-Energy Nuclear Physics, which was held 
in Geneva during June 30—July 5 under the sponsor- 
ship of the International Union of Pure and Applied 
Physics was the successor to those that have been 
held annually in Rochester, New York, for the past 
seven years. Over these years the size and duration 
of the Conference had increased from a small one- 
day meeting to a full week of intensive sessions 
recognized as the most important conference on high- 
energy physics of the year. It was the general 
opinion at Rochester in 1957 that the volume of 
effort and the number of contributions had grown to 
such an extent that the traditional system whereby 
each contributor presented the results of his experi- 
ments had become unworkable and, short of the 
undesirable step of limiting the scope of the conference 
still further, it was evident that some new method of 
presenting the material had to be tried. This year at 
the Suropean Centre for Nuclear Research (C.E.R.N.) 
the conference was divided into ten half-day sessions 
and all contributions in a particular field were pre- 
sented to the conference by one person, the rapporteur, 
whose job it was to introduce the subject and to 
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and five research students, and is 
concerned principally with enzym- 
ology of phosphorylated guanidines. 
Prof. F. C. Courtice, well known for 
his researches on physiology of 
lymph flow, etc., has just been ap- 
pointed to the chair of experimental 
pathology. Prof. Adrien Albert 
heads a group of seven research 
workers and two research students 
in the Department of Medical Chem- 
istry. His work on heterocyclic 
chemistry is familiar to most British 
scientists, and he now has greatly in- 
creased facilities for this work. Prof. 
F. Fenner, with seven staff members 
and eight research students, is in- 
vestigating various aspects of ani- 
mal virology, principally with the 
pox viruses and influenza viruses. 
The Department of Physiology, 
headed by Prof. J. C. Eccles, special- 
izes in neurophysiology. Prof. 
Eccles is at present president of the 
Australian Academy of Science. His distinguished 
investigations made by micro-electrode methods are 
widely known, and he is assisted in this work by 
seven staff members and four research students. 

At present the total research staff is about forty 
and there are some twenty Ph.D. students; but the 
John Curtin School of Medical Research is still in 
the process of growth, both in the sense that several 
new departments will be developed over the next 
few years to fill in gaps in the present structure, 
and in the development of each individual department. 
The new building just opened by Sir Howard Florey 
provides excellent facilities in a wide range of the 
medical sciences and already the School isestablished as 
a research institution well known throughout the world. 


NUCLEAR PHYSICS 


present and to explain the significance of the results 
obtained. The talks by the rapporteurs were expected 
to take up approximately half the session and the 
other half was left for discussion or for the presenta- 
tion of special papers which did not fit well into the 
rapporteur’s general scheme. The success of this 
procedure depends very much on the rapporteur. 
Contributors were asked to submit their papers to 
him some four weeks before the plenary sessions. 
Organizing sessions were arranged on the three days 
preceding the conference proper to enable partici- 
pants to meet their rapporteur and if necessary to 
discuss their contributions with him. As an additional 
preliminary rapporteurs were asked, prior to the 
Conference, to provide participants with a reading 
list which would serve as an introduction to the 
subjects. 

The general opinion at the end of the Conference 
was that the new method of presentation had been 
enough of a success for the method to be tried again. 
It was most successful where the rapporteurs, having 
been selective in the choice of their material, had 
leisure to present it in a critical way and not merely 
as a report of a large number of different experiments. 















1 is 
ym- 
nes. 
for 
of 
ap- 
\tal 
ert 
rch 
nts 
m- 
slic 
ish 
in- 
of. 
ers 


ni- 
he 
es. 


> 


De? 
a] - 


7" oe ey eae 





A sar tire Re 











SR IABTE RO HL 








a 

a: 

ey 

y 
a 
4 
& 
e 





No. 4632 August 9, 1958 


One of the main disadvantages of the rapporteur 
system lies in the fact that the reports are very 
concentrated. Contributors tended to remain anony- 
mous with this method of presentation and it was 
felt that some advantage would have been gained if 
mimeographed sheets had been made available before 
each session, giving the title and authors of the con- 
tributions so that further details could the more easily 
have been sought from them afterwards. Tables of 
important results would also have proved most 
valuable. The next International Conference is 
expected to be held in Moscow in July 1959, where the 
organizing sessions are to be enlarged to enable con- 
tributors to present their results in greater detail to 
the rapporteur and to others working in the same 
field. 

The first plenary session was devoted to experi- 
mental and theoretical reports on nuclear structure. 
Most of the results reported concerned high-energy 
electron scattering. Both the charge and magnetic- 
moment scattering of electrons by protons differs 
markedly from that obtained on the assumption of a 
point particle. The results suggest a root-mean- 
square value for the charge radius equal to that for 
the magnetic moment, both being equal to 0-8 
fermi (1 fermi = 10-!% cm.) for the proton, and 
a similar value for the radius of the neutron magnetic 
moment distribution, obtained by a comparison of 
electron-proton and electron—deuteron scattering. 
The charge core of the neutron appears to be zero at 
low momentum transfers although a value of 30 per 
cent of that for the proton at large momentum trans- 
fers is not ruled out by the limits of accuracy of the 
measurements. The different charge radii for the 
neutron and proton raise the question whether 
charge symmetry holds or whether the interpretation 
of the results based on quantum electrodynamics is 
correct. A word of caution was given by Hofstadter 
against reading too much into the results until the 
accuracy is improved, but nevertheless the theore- 
tical interpretation is in a very confused state. 

Experiments with muons which can be compared 
with similar scattering experiments with electrons 
may be expected to shed more light on the structure 
of the nucleon during the next few years. The plea 
for some experimental information on the electro- 
magnetic structure of the pion may have to wait a 
little longer. 

In the two sessions devoted to the nucleon and its 
interaction with pions, photons, nucleons and anti- 
nucleons, some uncertainties which existed at the 
1957 Conference in Rochester appear to have been 
satisfactorily resolved. In 1957 there was evidence 
that the coupling constant, f*, obtained from the real 
part of the forward-scattering amplitude for negative 
pions via the dispersion relation was very low. 
However, new measurements of the negative pion— 
proton scattering cross-section have been made 
which bring the calculated value of f? into line 
with other determinations. A final value of f? = 
0-0885 + 0-002 was quoted. The experimental and 
theoretical values for the ‘Panofsky ratio’ are now 
also believed to be in good agreement although this 
was only clarified after considerable discussion. 
Evidence for the Fermi set of phase shifts is also now 
well established. An excellent review of the theoreti- 
cal position was given by Chew. The subject of 
greatest interest during the past year has been the 
dispersion relations and the possibility of their 
violation. However, the theoretical studies that 
have been made confirmed the belief that the Gold- 
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berger relations for forward scattering have a very 
general basis. Another development was a new type 
of dispersion relation which allowed a precise determ- 
ination of the pion coupling constant. A basic 
question which continues to be obscure is whether it is 
possible in terms of the pion and nucleon masses and 
the coupling constant to predict the position of the 
(3/2, 3/2)-resonance and the small size of the non- 
charge-exchange S-wave scattering. In the GeV.- 
region, optical models of the pion-scattering results 
suggest that the pion—pion interaction is important. 

The dispersion relation approach has also been 
applied to the problem of photon-nucleon scattering 
and the agreement of theory with experiment is 
improving. A great deal of discussion centred on 
the results obtained at Cornell and the California 
Institute of Technology, where photo-production 
processes appeared to show a resonance behaviour 
corresponding to excited states of the nucleon at 
300, 600 and 1,000 MeV. The discussion was not 
conclusive. 

There was also much discussion on the possible 
origin of the spin-orbit interaction introduced into 
the phenomenological nuclear potential by Gammel 
and Thaler and by Marshak and Signell last year. 
The large antinucleon—nucleon total cross-sections 
have, in fact, now been reasonably explained using a 
Signell and Marshak type of potential, and although 
this is again a purely phenomenological approach the 
feeling has subsided that the large experimental 
values for the antinucleon—nucleon cross-section would 
require a major departure from the Yukawa picture. 

It is almost traditional now for the discovery of 
yet another new particle to be announced at the 
annual conference. This year the anti-A°-particle 
was reported to have been observed in a two-prong- 
star event at Berkeley, decaying via a positive pion 
and antiproton, with a Q value of 35 +78 MeV. In 
addition, a cosmic-ray event in a two-level cloud 
chamber belonging to the Pic du Midi group of the 
Ecole Polytechnique has provided evidence for the 
cascade &°-particle. During the past year, six 
groups have been doing experiments to establish 
evidence for the particle of 500 electron masses which 
was first reported by Alikhanian some years ago. 
The general conclusion was that its existence was 
not yet firmly established. More experiments are 
still being carried out. 

In the production of the A°-particle in the pion— 
nucleon interaction, within the limited accuracy of the 
measurements, parity is conserved. Existing data 
are also in agreement with the conservation of iso- 
topic spin. The interaction of K-mesons is explained 
most reasonably by a nseudo-scalar meson of spin 
zero. Below 100 MeV. in K~ interactions there is no 
evidence for anything other than S-waves being 
important. 

One session was devoted to special topics, of which 
the most interesting related to the origin of the mass 
of the electron and whether it was entirely electro- 
magnetic or not. An associated problem was the 
question of the large mass of the muon. It was 
suggested that a precise measurement of the magnetic 
moment of the muon would be of great value in order 
to check whether there was any departure from the 
value predicted by electromagnetic theory. 

Perhaps the most remarkable achievement of the 
year has been the effort that has gone into the study 
of parity non-conservation in weak interactions. The 
two-component neutrino theory is now well estab- 
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lished. Parity non-conservation appears to be 
complete and no deviation from invariance under 
time reversal is observed. There are, however, some 
points which are not clearly understood. For 
example, non-conservation of parity is observed in 
hyperon decay where no neutrino is involved. The 
magnitude of the —>e + v and x—>u + v branch- 
ing ratio provoked much discussion, and it was 
emphasized that this could prove a very critical 
test of the universal Fermi interaction. The inter- 
action is now well established as ‘V — A’ (vector, 
axial vector) but the reason why it should be so is 
still unknown. The beta-decay of the A-particle is 
another puzzle. The present experimental results 
set the limit for this mode of decay at not more than 
1 in 1,000 and they are, in fact, consistent with 
zero. A new value for the Michel parameter, p = 
0-735 + 0-022, was reported from Berkeley in better 
agreement with that expected theoretically (0-75). 
However, the errors quoted are purely statistical and 
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Entomology and Parasitology at Liverpool : 
Prof. R. M. Gordon 


Pror. R. M. Gordon, who is to retire from the 
Dutton and Walter Myers chair of entomology and 
parasitology in the University of Liverpool, acquired 
an interest in parasitic and arthropod-borne diseases 
during his army service in Serbia after his qualification 
at Trinity College, Dublin. Joining the staff of the 
Liverpool School of Tropical Medicine, he worked in 
the School’s laboratories on the Amazon and in 
Sierra Leone. He relinquished the directorship of 
the latter laboratory in 1937 to occupy the chair in 
entomology in Liverpool ; later the chair in parasit- 
ology was amalgamated with this. For the past 
twenty years, in spite of heavy teaching and adminis- 
trative duties, Prof. Gordon has continued to engage 
in active research. Primarily a naturalist, not a 
systematist, he has maintained a ‘zoo’ of living 
parasites and their vectors rather than a collection 
of ‘specimens’ in his department. Many workers have 
achieved distinction following the sound training and 
wide practical experience gained in his department. 
Early in his career Dr. Gordon, with D. B. Blacklock, 
first demonstrated immunity to metazoan parasites. 
The meticulous detail of his work is to be seen in 
some remarkable micro-cinematograph recordings of 
the penetration of the mouth-parts of blood-sucking 
arthropods and their feeding methods. Latterly, the 
filarial infections have claimed his attention; he 
largely has originated and directed the helminthiasis 
research units now working on this problem in West 
Africa. Prof. Gordon’s achievements have entailed 
much work on committees, which he serves whole- 
heartedly. The Royal Society of Tropical Medicine 
and Hygiene conferred its Chalmers Medal on him in 
1937 ; recently it made him its president. 


Dr. W. E. Kershaw 


Dr. W. E. Kersuaw, who is to succeed Prof. 
R. M. Gordon, joined the staff of the Liverpool 
Schocl of Tropical Medicine in 1945 as a lecturer in 
parasitology. He served afloat, and later as a 
pathologist ashore, with the Royal Navy during the 
Second World War, and while stationed in Ceylon 
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when systematic errors are allowed for, this value 
may again be changed. 

In the case of non-leptonic modes the bulk of the 
new information concerned the decay modes and the 
branching ratios for A°® and K® and the life-times of 
A°, K®° and £+. From a study of the angular distri- 
bution of the decay with respect to the production 
direction it appears possible to assign to both the 
A® and =~ particles a spin of one-half. One new 
experimental technique, the scintillation chamber, 
was discussed at a small separate session. It may 
prove to be a useful new development. 

The organizers at C.E.R.N. are to be congratulated 
on their efficient handling of the conference. The 
discussions were recorded on tape, typed and in the 
hands of those concerned for correction within twenty- 
four hours. The full proceedings of the conference 
including the talks by the rapporteurs are expected 
to be available to the participants by October. 

G. H. Starrorp 
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his contact with the parasitic infections of man 
determined his future interests. Dr. Kershaw’s 
interests have primarily centred on the helminthiases, 
and in particular the filariases. His work on the 
latter has been original and outstanding, and he has 
travelled widely on field studies in this context. In 
1955 he was awarded the Chalmers Medal of the 
Royal Society of Tropical Medicine particularly for 
his work in this subject, and his services are in 
frequent demand at conferences on it in Great Britain 
and elsewhere. Dr. Kershaw continues an active 
association with the Navy as a surgeon-commander, 
an activity which affords opportunity for a more 
clinical application of his abilities, and which should 
be of benefit to the Service to which he is proud to 
belong. 


Geology at Southampton : Dr. F. Hodson 

Dr. F. Hopson’s appointment to the newly created 
chair of geology at Southampton will give pleasure 
to geologists at home and abroad, particularly the 
younger generation. Trained in geology at the 
University of Reading, Dr. Hodson had the advan- 
tage (many forward-seeing geologists would say a 
necessity) of coming to the subject from two basic 
sciences. Initially a works chemist and by inclination 
a zoologist, he was well equipped to profit from 
university life and ultimately to undertake those 
researches in Namurian stratigraphy and pale- 
ontology for which he has become widely known. 
His work has shed new light on the Upper Carbon- 
iferous rocks of several key areas in western Europe : 
particularly western Eire, Belgium and the Valen- 
ciennes coalfield. In collaboration he has contributed 
to Jurassic stratigraphy and paleontology. At 
Reading Dr. Hodson has built up a flourishing 
Carboniferous research school, devoted mainly to 
opening up the exciting territory of western Eire. 
He will take to Southampton not only a tremendous 
enthusiasm and deep conviction that the ‘research 
outlook’ should dominate undergraduate teaching, 
but also an all-round fitness to foster the several 
facets of geology and to maintain a sensible balance 
between competing interests. The University of 
Southampton may confidently look forward to the 
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future growth and vigour of its Geology Department, 
and to whole-hearted participation by its first 
professor of geology in the progress of this new seat 
of learning. 


Applied Mathematics at Aberystwyth : 
Prof. T. V. Davies 
THOMAS VIVIAN Davies, since 1954 reader in 
mathematics at King’s College, London, has been 
appointed to the chair of applied mathematics at 
University College, Aberystwyth, in succession to 
Prof. G. J. Kynch (see Nature, 180, 69; 1957). He 
received his undergraduate training in mathematics 
under Prof. V. C. Morton and the late Prof. T. Lewis 
at Aberystwyth, specializing already at that stage in 
fluid dynamics. During the War he worked with the 
Ministry of Supply and the Meteorological. Office ; 
since 1946 he has been on the staff of the Department 
of Mathematics at King’s College, London. He went 
to the United States to carry out meteorological 
research in 1951, first at the Institute for Advanced 
Studies at Princeton and later at the Massachusetts 
Institute of Technology. Mr. Davies has been stimu- 
lated principally by geophysical problems: he has 
developed a new theory of gravity waves of finite 
amplitude, and has investigated the forced fluid 
motion and the stability of rotating liquids which 
are subject to differential heating. More recently, 
his work has been in the field of magnetohydro- 
dynamics, and in pure mathematics his interests 
centre on non-linear differential equations. Mr. 
Davies has served as a member of the Council of the 
Royal Meteorological Society and of the Meteor- 
ological Research Council. His colleagues at King’s 
College, London, have increasingly learned to respect 
him for his outstanding gifts as a teacher, for his no 
less inspired success as an originator and director of 
research in fluid dynamics and, by no means least, 
for his unassuming friendliness, his quiet efficiency 
and his other excellent personal qualities. In common 
with his many other friends, they wish him well in 
his new sphere of responsibility. 


Pure Mathematics at Birmingham : 
Prof. P. J. Hilton 
Dr. P. J. Hmton, who has recently been appointed 
Mason professor of pure mathematics in the Univer- 
sity of Birmingham, in succession to Prof. C. A. 
Rogers (see Nature, 181, 1378; 1958), is a graduate 
of Oxford, where he was a scholar of Balliol College. 
After taking his degree in 1947 he held lectureships in 
the Universities of Manchester and Cambridge until he 
returned as senior lecturer to Manchester in 1955. His 
research interests have always been in topology, more 
particularly in homotopy theory, and its recent de- 
velopments by the methods of homological algebra : 
he is the author of a Cambridge Mathematical Tract 
on homotopy. Dr. Hilton has many contacts with 
European universities, and was appointed by the 
Royal Society as delegate to the recent mathematical 
congress in Roumania. He has shown by his talks 
to radio and other audiences his interest in all sides 
of the problems of university teaching, and both 
he and the University of Birmingham are to be 
congratulated on this appointment. 


Foreign Members of the Academy of Sciences of 
the U.S.S.R. 
Art a general session on June 20 the following were 
elected foreign members of the Academy of Sciences 
of the U.S.S.R.: Belgium, Prof. Z. M. Bacq (biology) ; 
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Bulgaria, Prof. G. Nadzhakov (physics and mathe- 
matics) ; Canada, Prof. E. Steacie (chemistry), Prof. 
W. Penfield (neurophysiology); China, Prof. Lee 
Ssu-Kwang (geology and geography), Prof. Kuo 
Mo-Zso (history); Korea, Prof. Pek Nam Yu (his- 
tory); Czechoslovakia, Prof. F. Sorm (chemistry) ; 
Denmark, Prof. K. V. Linderstrom-Lang (biology) ; 
France, Prof. Louis de Broglie (physics), Prof. Louis 
Néel (physics) ; German Democratic Republic, Prof. 
G. Hertz (physics), Prof. M. Volmer (chemistry) ; 
Great Britain, Prof. J. D. Bernal (physics), Sir Cyril 
Hinshelwood (chemistry), Prof. C. F. Powell (physics) ; 
Hungary, Prof. I. Rusznyak (biology); India, Prof. 
P. C. Mahalanobis (statistics and economics) ; Italy, 
Prof. E. Amaldi (physics), Prof. B. R. Bandinelli 
(history) ; Japan, Prof. 8S. Kaya (physics) ; Poland, 
Prof. T. Kotarbinski (philosophy) ; Rowmania, Prof. 
T. Savulescu (biology); Sweden, Prof. H. Alfvén 
(physics), Prof. K. M. B. Siegbahn (physics) ; 
Switzerland, Prof. L. Ruzicka (chemistry); United 
Arab Republic, Prof. A. R. Tourky (chemistry), Prof. 
I. Khalil (literature) ; United States, Prof. L. Pauling 
(chemistry), Dr. D. Bronk (biology); Yugoslavia, 
Prof. P. Savié (chemistry). 


Royal Society Research Studentships 

THE Council of the Royal Society has awarded 
Mr. and Mrs. John Jaffé Donation Studentships in 
original scientific research from October 1 to Dr. 
E. A. Magnusson to continue his study of the 
modification of atomic orbitals in bond formation in 
the Department of Chemistry, University College, 
London, and to Dr. Jennifer Wildy to work on the 
biosynthesis of the protein and hem components of 
hemoglobin in the Department of Chemical Path- 
ology, University College Hospital Medical School. 


Nutrition Society of Canada 

A MEETING of persons interested in nutrition 
research was held in Ottawa on October 7, 1957, to 
discuss the formation of a nutrition society. A pro- 
visional committee was appointed to prepare a list 
of founding members and to draft a constitution. 
On June 8 a formal meeting took place in Queen’s Uni- 
versity, Kingston, Ontario. A membership of ninety 
was accepted, a constitution adopted, and the society 
was named the Nutrition Society of Canada. Member- 
ship is restricted to persons concerned with the scientific 
aspects of nutrition. Officers of the Society are: 
President, E. W. McHenry (Toronto) ; Vice-President, 
E. W. Crampton (Ste. Anne de Bellevue) ; Secretary, 
George H. Beaton (Toronto); Treasurer, J. A. 
Campbell (Ottawa); Members of Council, D. H. 
Copp (Vancouver), W. W. Hawkins (Halifax), L. B. 
Pett (Ottawa). The Society intends to hold annual 
meetings. 


Aerial Geophysical Survey of Cornwall 

In a written answer to a question on July 15 
regarding the aerial geophysical survey of south-west 
Cornwall made last year for the Atomic Energy 
Authority, Mr. H. Nicholls, Parliamentary Secretary 
to the Ministry of Works, as representing the Lord 
President of the Council, said that the Department 
of Scientific and Industrial Research has recently 
published a brief description of this air-borne survey 
made by the radiometric method. A scientific 
appraisal of the work will be presented in a paper at 
the Second International Conference on the Peaceful 
Uses of Atomic Energy to be held at Geneva early in 
September and will be published in the Proceedings 
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of the Conference. Ground investigations are con- 
tinuing in Cornwall and it will be some time before 
all data recorded from the air have been assessed. 


Design in Industry 

Many interesting suggestions concerning the 
education and training of designers for the furniture, 
pottery, printing and textile industries are contained 
in ‘The Training of Designers for Industry’ (pp. 
vii+50. Federation of British Industries, 21 Tothill 
Street, London, S.W.1, 1957. 3s. 6d.). This is the 
report of a one-day conference between industrialists 
and educationists, organized under the auspices of the 
Federation of British Industries and held in London 
on September 24, 1957. The booklet includes the 
opening address by Sir Edward Boyle, Parliamentary 
Secretary to the Ministry of Education, and reports 
by the chairmen of the five discussion groups on 
important points made in the course of the con- 
ference, together with a summing-up by Sir Ernest 
Goodale, chairman of the Federation’s Industrial Art 
Committee. It also includes the memoranda cir- 
culated before the conference as bases for the group 
discussions. 


National Science Foundation Programme for Atmo- 

spheric Sciences 

An Atmospheric Sciences Programme is being 
established by the U.S. National Science Foundation 
as a result of recommendations by the President’s 
Committee on Weather Control and the Committee 
on Meteorology of the National Academy of Sciences 
—National Research Council. The new programme 
will deal with meteorology, including not only the 
more conventional type of meteorological research, 
but also energy transfer processes between earth, sea 
and air; turbulent flow of gaseous fluids; heat 
exchange processes ; upper atmosphere studies (that 
is, above the level of conventional meteorological 
work); atmospheric chemistry ; and general cir- 
culation problems of the atmosphere and oceans. 
Attention will also be given to the field of cloud 
physics, especially the physics of precipitation, where 
much basic research must be pursued before the 
possibilities of controlling or modifying weather can 
be evaluated. The programme director will be Dr. 
Earl G. Droessler, who has wide experience in 
administration and co-ordination of military scientific 
research and development, and in research in meteor- 
ology and glaciology. 


Agricultural Meteorology in India 

A sPEcIAL issue of the Indian Journal of Meteor- 
ology and Geophysics was published in December 1957 
in honour of the silver jubilee of the Agricultural 
Meteorology Division of the India Meteorology 
Department. The importance of the scientific study 
of the relations between crops and weather has long 
been recognized, notably early in this century in 
Britain by Sir Napier Shaw, and the International 
Meteorological Organization formed its Commission 
for Agricultural Meteorology in 1913. It is, however, 
only in relatively recent years that stations specifically 
equipped and staffed by meteorological physicists 
have been set up to make detailed micrometeor- 
ological and related observations. India, under Sir 
Char‘es Normand’s tenure of the post of Director- 
General of Observatories, was one of the first countries 
to establish such a unit. The Division was formed at 
Poona in 1932 and placed under Dr. L. A. Ramdas, 
who remained in charge until 1953. 
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The Central Agricultural Meteorological Observ- 
atory is on the farm of the Agricultural College at 
Poona. It is equipped with instruments for observing 
the micro-structure of the atmosphere up to 35 ft. in 
the free air and within crops, and also radiation, 
evaporation, soil properties and plant temperatures. 
The Division also controls less detailed meteorological 
work at some forty other experimental farms in India, 
and maintains weekly charts of the relevant weather 
elements and of the progress of crops all over India. 
The major work now in progress is concerned with 
the water requirements of plants, the relation between 
weather and the incidence of disease and pests and 
the preparation of crop—weather calendars for the 
guidance of regional meteorological centres in the 
preparation of the weather forecasts for the farmers’ 
weather bulletins. It was at this Division that the 
observation was first made that under clear sky at 
night the air just above ground is often colder at a 
height of 5-15 cm. than at the ground itself. This 
observation, scarcely credited for a time, has been 
repeated at several places elsewhere with other ty pes 
of apparatus but is still not fully explained. 


University College, London: Report for 1956-57 


THE annual report of University College, London, 
for 1956-57 (pp. 89. London: University College, 
1958) includes the report of the chairman of the 
College Committee and the provost, together with 
those of the Students’ Union, the Bartlett School of 
Agriculture and the Slade School of Fine Art, and 
lists of publications of members of academic depart- 
ments. Of the 3,574 students (including 795 
part-time) 755 were postgraduate (239 part-time). 
Some 589 undergraduates and 318 postgraduates 
were in the faculty of science and 206 undergraduates 
and 66 postgraduates in engineering. The year was 
the last of the old quinquennium, which closed with 
a deficit of £2,455, and the report, commenting on the 
absence of general funds for research, records the 
severe disappointment with the grant from the 
University Grants Committee for the new quin- 
quennium: that of £1,165,000 for 1957-58 will 
permit no academic expansion and will necessitate a 
substantial cut in maintenance. Capital expenditure 
of £280,000 was concentrated on the new Biological 
Sciences Block, but the planning of the first stage, 
to cost £500,000, of the new Engineering Building is 
well advanced. In the Department of Chemistry 
investigations of the mechanisms of reactions in 
solution have recently been correlated with studies 
of reactions in the gas phase, and some main lines of 
investigation have been greatly facilitated by the 
installation of a nuclear magnetic resonance apparatus 
through the generosity of the Wellcome Trust. In 
the Department of Physics assembly of the microtron 
has proceeded satisfactorily (see Nature, June 21, 
p- 1726), and the new high-pressure cloud chamber 
has been assembled and tested. 


Arthur D. Little Research Institute 


Tue first annual report of the Arthur D. Little 
Research Institute (Inveresk, Midlothian), inaugurated 
on March 22, 1957, records that on December 31 the 
Institute’s staff totalled twenty-two, of whom twelve 
were qualified scientists. The three projects under 
investigation at that date embraced a general study 
of linear polymers of spatially regular structures, 
including the mechanism and kinetics of formation 
of such polymers and their physical properties; a 
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study of sucrose, starting with the sodium sucrates 
and their condensates with chloro compounds; and 
a corrosion project including an investigation of the 
effect of the structure of organic additives, with 
particular emphasis on physical and chemical in- 
hibition mechanisms around the neutrality point. 
Five papers published during the year are listed, as 
well as the titles of six others submitted for pub- 
lication. 


Climatic Tables 


Tue Meteorological Office receives a very large 
number of inquiries for climatic data for places in all 
parts of the world from industrial firms and others. 
Many of these inquiries relate to temperature, 
humidity and precipitation and it has been the 
practice to prepare and sell mimeographed tables of 
these elements to inquirers. The data most required 
are now being published (Air Ministry: Meteoro- 
logical Office. Tables of Temperature, Relative 
Humidity and Precipitation for the World. London : 
H.M. Stationery Office, 1958) in six parts as follows : 
(1) North America, Greenland and the North Pacific 
Ocean; (2) Central and South America, the West 
Indies and Bermuda (to be published shortly) ; 
(3) Europe and the Atlantic Ocean north of 35° N. 
(to be published shortly); (4) Africa, the Atlantic 
Ocean south of 35° N., and the Indian Ocean ; 
(5) Asia; (6) Australia and the South Pacific, 
Antarctica. Each part gives monthly values of the 
following information for a carefully selected and 
representative set of several hundred observing 
stations: temperature: average daily maximum 
and minimum, average highest and average lowest 
in each month, absolute maxima and minima; 
relative humidity : average values, varying times but 
selected as far as possible to give night and midday 
values ; precipitation : average monthly fall, maxi- 
mum in 24 hr., average number of days of 0-01 in. or 
more. Each part has a map showing the stations, 
an index, and bibliography of sources, and the latitude, 
longitude and height of each station is given in the 
tables. Great care has been taken in collaboration 
with the British Government’s Permanent Committee 
on Geographical Names to give place-names under all 
the forms by which each is likely to be known, a 
matter of no small difficulty for places in the Far 
East and U.S.S.R. All six volumes are also being 
made available bound into one book. 


The Absorption Spectrum of Water Vapour 

In his paper, ‘‘Das Spektrum des Wasserdampfes”’ 
(Ber. Deutsch. Wetterdienstes, Nr. 44, 6; 1958), W. 
Regula gives a valuable summary of the theory of, 
and experimental information on, the absorption 
spectrum of water vapour over the wave-length 
range 1-35 cm. to 300 A. The positions of the absorp- 
tion bands are given in tables under the type of 
process responsible. The intensities are indicated 
qualitatively (strong, medium, weak) in most 
instances. The paper may be useful to physicists as 
well as meteorologists. 


Spectrum of the Night Sky 

Iv ®@ paper on the altitude of atmospheric layers 
emitting the lines [OI] 5577 A., [OT] 6300 A. and 
[Na I] 5892 A. (Pub. de lV Observ. de Haute-Provence, 
3, No. 36; 1957), Jean Dufay and Tcheng Mao-Lin 
have re-examined all the observations of the bright 
lines in the night-sky spectrum. Following the 


method described by Barbier, corrections for extine- 
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tion and for scattered light have been made. Taking 
into account only the molecular scattering and the 
absorption by atmospheric ozone, the following 
equivalent heights are obtained: A, 5577 A., z, 
195 km. ; A, 5892 A., z, 200 (or 230) km.; A, 6300 A., 
z, 280km. If, however, a thin layer of haze is present 
in the lower atmosphere, producing at the zenith the 
additional optical density D,(v) = 0-:0050, these 
heights may be reduced to 170, 170. (or 200) and 
250 km., respectively. The uncertainty arising from 
a selective absorption by water vapour and by 
oxygen molecules, chiefly from the emission of the 
OH.band, is also discussed. 


Cricket Bat Willow 


Salix alba var. caerulea is as a timber tree unique 
in Britain, in that the care lavished on it during (and 
after) its lifetime is reminiscent more of the practices 
of horticulture than of forestry. This is the result of 
the high value of its timber when well grown. Current 
methods of producing timber of the best quality are 
fully described in ‘Cultivation of the Cricket Bat 
Willow’ (Forestry Commission. Bulletin No. 17. 
Pp. vi+34+33 plates. London: H.M. Stationery 
Office, 1958. 5s. net). Rooted or unrooted ‘sets’ 
(cuttings) are planted widely (at least 30 ft. apart), 
lateral branches are removed early and buds appearing 
on the main stem are rubbed out before they become 
woody, to a height of 8 ft. Thus a mature stem 
8 ft. long and free of knots is produced, but even so, 
only the lower part of the trunk may give timber 
suitable for cricket bats of the highest quality. Rapid 
growth gives the desired sapwood (heart wood is not 
used in bat making) with annual rings up to 1 in. 
in width, and this with a straight grain combined 
with toughness and ability to withstand compression 
are all characters looked for in the timber by the 
bat maker. It is now known that male as well as 
female trees may combine all these desirable qualities 
in their wood, but they will be lacking unless the 
site is carefully chosen, insect pests controlled, and 
protection from grazing animals afforded, and even 
then ‘stain’ may develop in the timber, or water-mark 
disease (due to Bacterium salicis Day) affect the 
trees, rendering them virtually useless. 


Control of Aquatic Weeds 


Proeress in the control of weeds on agricultural 
land has not been paralleled by the evolution of 
reliable methods for the control of aquatic weeds. 
Present-day practices and the results of recent 
research in this field are summarized by Aylwin P. 
Chancellor in “The Control of Aquatic Weeds and 
Algae” (pp. 20. London: H.M. Stationery Office, 
1958. 2s. 6d. net). Mechanical methods of removing 
weeds from ponds and lakes are often preferable to 
chemical means, but for emergent weeds in still or 
running water the use of growth substances (par- 
ticularly sodium 2 : 2-dichloropropionate) offers great 
promise. Sodium arsenite can be used to control 
submerged weeds in still water and is effective at 
concentrations that are harmless to fish. Submerged 
weeds in running water cannot be satisfactorily con- 
trolled, while chlorine and copper sulphate, both 
effective in controlling algae, have the disadvantage 
of extremely high toxicity to fish. Added to this is 
the fact that if a heavy growth of algae is killed off, 
the products of decay and the great reduction in the 
oxygen content of the water may be undesirable. 
Treatment in spring or early summer may kill the 
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pioneers of the algal flush of growth so that control 
without any secondary ill-effect is secured. 

American experiments indicate that the concen- 
tration of copper sulphate necessary to control some 
algae (for example, 5-0-10-0 p.p.m. for Scenedesmus) 
may greatly exceed the limits tolerated by fish. 
Trout, for example, in River Itchin water containing 
1 p.p.m. of copper sulphate were killed within 24 hr. 
Chlorine has similar disadvantages, but rosin amine 
compounds and 2: 3-dichloronaphthoquinone both 
have promise as algicides. 


Zoological Nomenclature 

Tue International Commission on Zoological 
Nomenclature gives notice that, as from December 6, 
it will start voting on the following cases involving 
the possible us. of its plenary powers for the purpose 
specified against each entry. Full details of these 
cases were published on June 6 in the Bulletin of 
Zoological Nomenclature (16, Part 2): Mysis Latreille 
[1802-1803], designation of type species for, and 
validation of neotype for species (Cancer oculatus 
Fabricius, 1780) so designated (Cl. Crustacea, Order 
Mysidacea) ; (2) Dactylioceras Hyatt, 1867, designa- 
tion of type species for (Cl. Cephalopoda, Order 
Ammonoidea: Jurassic); (3) gemmascens Esper 
[1794! (Madrepora), validation of (Cl. Hydrozoa, Order 
Stylasterina). Comments should be sent as soon as 
possible in duplicate to R. V. Melville, assistant 
secretary to the Commission, 28 Park Village East, 
Regent’s Park, London, N.W.1. 


A Kerr Cell Electro-Optical Shutter 

AN exposure time of 0-01 usec. is claimed for the 
Kerr cell electro-optical shutter and improved pulse- 
generator circuit devised by Avco Manufacturing 
Corporation’s Research and Advanced Development 
Division (Lawrence, Massachusetts). The cell is of 
2 in. square cross-section, and the electric field needed 
to produce phase rotation of the electromagnetic 
vector as it passes through a cell filled with nitro- 
benzene is 10-15 kV./em., so that for a 5-cm. aperture 
the pulse generator must deliver a pulse of 50-75 kV. 
to the Kerr cell plates. The generator consists of a 
coaxial cable and a spark gap, and the cell is con- 
nected directly across the load resistor on the trans- 
mission line. Exposure time can be varied accurately 
from 0-01 to 0-1 usec. by changing the length of the 
transmission line. The form of the exposure charac- 
teristic is approximately square-wave. The selective 
absorption polarizing material used for the polarizer 
and analyser on the cell does not provide a com- 
pletely opaque shutter in the ‘off’ position, but a 
transmission ratio of about 20,000 to 1 is obtained 
with ordinary stock material. The angle of incident 
light must be limited to 10 deg. or less from the 
normal, providing a limiting aperture of about f/2-5 
and an effective aperture of about f/10 in operation 
of the shutter. 


Geochemistry 

CERTAIN aspects of migration of the chemical 
elements in the Earth’s crust during geological times 
are discussed by A. A. Saukov (Priroda, 2,10; 1958). 
While the majority of migration processes may be 
considered to be of a non-directional character, cer- 
tain Processes may give rise to directional types of 
migration. Thus, the gradual diminution of the 
quantisies of radioactive elements in the Earth and 
a@ consequent diminution of the thermal energy of 
radioactive source may have affected the intensity of 
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metamorphism and magmatism during the geological 
history. Also, one may consider that the emergence 
and development of the biosphere has greatly affected 
the nature and the intensity of migration of the 
elements, which not only determine the ‘directed’ 
accumulation of such organogenic deposits as, for 
example, coal, bitumen and limestone, but also lead 
to the accumulation of free oxygen in the atmosphere. 
This, in its turn, may have affected the behaviour of 
iron compounds present in the hydrosphere, by a 
widespread precipitation of the oxidized ferric forms, 
so prevalent in the widespread iron ore deposits 
formed in the Pre-Cambrian metamorphic rocks. 


National Science Foundation Grants for Science 


THE National Science Foundation awarded 246 
grants totalling 4,720,545 dollars during the quarter 
ending March 31, 1958, for the support of basic 
research in the sciences, for conferences in support 
of science, for exchange of scientific information, for 
short-term research by medical students, and for 
training of science teachers. This is the third group 
of awards to be made during the current fiscal year. 
During the first two quarters, awards totalled almost 
20-5 million dollars. The research fields included are 
astronomy, chemistry, biology, physics, earth sciences, 
engineering sciences, mathematical sciences and 
social sciences. 


Society for Applied Bacteriology 


Art the recent annual meeting and summer confer- 
ence of the Society for Applied Bacteriology, held in 
Bristol, the following officers of the Society were 
elected: President, Mr. D. A. McKenzie; Hon. 
Secretary, Mr. G. Sykes (Boots Pure Drug Co., Ltd., 
Microbiology Division, Standards Department, Not- 
tingham); Hon. Treasurer, Mr. G. Elis Jones ; 
Editor-in-Chief, Dr. 8S. E. Jacobs ; Editor, Dr. C. A. E. 
Briggs; Hon. Publications Manager, Mr. A. H. 
Walters ; Hon. Advertising Manager, Mr. E. J. Mann ; 
Commitiee, Dr. Eve Billing, Mr. N. J. Butler, Prof. 
E. L. Crossley, Dr. J. G. Davis, Dr. N. R. Knowles, 
Dr. Jane Meiklejohn, Mr. C. A. Scarlett, and {Dr. M. 
Woodbine, 


Darwinism and the Study of Society 


To mark the centenary of “‘The Origin of Species’, 
a conference, organized by the Social Sciences 
Research Centre of the University of Edinburgh, 
will be held in Adam House, Edinburgh, during 
April 8-10, 1959. The proceedings will be divided into 
six sessions, as follows: (1) ‘‘Darwin’s Place in the 
History of Thought”, Prof. B. Willey (Cambridge), 
“The Intellectual Background during Darwin's 
Student Years in Edinburgh”, Mr. G. A. Shepperson 
(Edinburgh) ; (2) “Darwinism and Human Society 
in Retrospect”’, Prof. Lancelot Hogben (Birmingham), 
‘Natural and Social Selection’, Dr. W. Stark (Man- 
chester); (3) “Genetic Determinants of Human 
Behaviour”, Prof. C. H. Waddington (Edinburgh) ; 
(4) ‘Social Evolution”, Prof. Morris Ginsberg 
(London); (5) “Communication in Animal and 
Human Societies”, Mr. S. A. Barnett (Glasgow) ; 
(6) an appraisal of the conference by Dr. J. Bronow- 
ski (director of the Coal Research Establishment) 
and Prof. Asa Briggs (Leeds). Further particulars 
may be obtained from Dr. M. P. Banton, 39 George 
Square, Edinburgh 8. Limited accommodation for 
visitors will be available in one of the University 
halls of residence ; early application is advised. 
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International Symposium on Combustion 


THE seventh International Symposium of the 
Combustion Institute will be held during August 28- 
September 3, under the auspices of the British Section 
of the Institute and the Institute of Fuel, 18 Devon- 
shire Street, London, W.1. It is the first occasion on 
which the Symposium has been held outside the 
United States. Participants are attending from more 
than fifteen different countries. Dr. Bernard Lewis, 
president of the Combustion Institute, Dr. von 
Karman, and many others will attend from the 
United States, and Academician N. N. Semenov will 
be among those from the U.S.8.R. Participants are 
expected to register at the Institute of Fuel on 
August 27. There will be a reception for those coming 
from overseas on that evening, given by Her 
Majesty’s Government at Lancaster House. The 
opening meeting will be held on August 28 at the 
Royal Institution, Albemarle Street, at 10 a.m. 
There will also be a visit to the Laboratories of 
Combustion Research at the Imperial College of 
Science and Technology and a dinner at the Guild- 
hall that evening, at which Lord Brabazon will be 
the chief guest. The rest of the proceedings will be 
held in Oxford, during August 29-September 3, 
when about a hundred papers (preprinted and cir- 
culated) will be discussed in fourteen separate 
sessions, only four of which will overlap. 


University News : London 


THE following appointments in the University of 
London have recently been announced: Dr. D. 
Gabor, Mullard reader in electronics at the Imperial 
College of Science and Technology, to the University 
chair of applied electron physics at that College ; 
Prof. L. J. Lewis, B.Sc. (Wales), former director of 
the University College of Ghana Institute of Educa- 
tion, to the University chair of education, with 
special reference to education in tropical areas, at 
the Institute of Education ; Dr. J. Sutton, reader in 
geology, to the University chair of geology, and 
Dr. R. D’A. Hoyle, senior lecturer in mechanical 
engineering, to the University readership in mechani- 
cal engineering, both at the Imperial College of 
Science and Technology ; Dr. W. J. H. Butterfield, 
to the University chair of experimental medicine at 
Guy’s Hospital Medical School. 

The title of professor in the University has been 
conferred on the following in respect of their posts at 
the Colleges and Schools indicated : Dr. R. S. Stacey 
(pharmacology and therapeutics in St. Thomas’s 
Hospital Medical School); Dr. Eleanor J. Zaimis 
(pharmacology in the Royal Free Hospital School of 
Medicine). 

The title of reader in the University has been con- 
ferred on the following: Mrs. J. E. Floud (sociology 
of education in the Institute of Education) ; Dr. R. J. 
Harrison-Church (geography in the London School of 
Economics and Political Science); Mr. O. R. 
McGregor (social institutions in Bedford College). 

The title of professor emeritus has been conferred 
on the following, on their retirement from chairs at 
the Colleges and Schools indicated: Prof. W.N. Bailey 
(mathematics at Bedford College); Prof. K. J. 
Franklin (physiology at St. Bartholomew’s Hospital 
Medical College); Prof. F. M. Haines (botany at 
Queen Mary College); Prof. L. Dudley Stamp 
(social geography at the London School of Economics 
and Political Science). 
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Dr. A. R. Fairbairn has been appointed to the 
General Motors Corporation of Detroit postdoctoral 
fellowship in flame spectroscopy, tenable at the 
Imperial College of Science and Technology. 


Swansea 


Tue following appointments have recently been 
made in the University College of Swansea: Dr. 8. K. 
Zaremba, to be lecturer in the Department of Pure 
Mathematics ; Dr. E. G. Brown, to be lecturer in the 
Department of Botany; Mr. J. D. Davies, to be 
lecturer in the Department of Engineering. 


Announcements 

Tue British Society of Rheology is organizing a 
conference on “Rheology of Road Materials” to be 
held at the Road Research Laboratories, Harmonds- 
worth, on October 24. Further information can be 
obtained from the Honorary Secretary, 52 Tavistock 
Road, Edgware, Middlesex. 


THE second International Congress of Speleology 
will be held at Bari, Lecce and Salerno in Italy 
during October 5-12. Further information can be 
obtained from the secretary-general of the Congress, 
Prof. Franco Anelli, Castellana-Grotte, Bari, Italy. 


Tue International Association of Allergology is 
holding the third International Congress of Allerg- 
ology in Paris at the New Medical School during 
October 19-26. Further information can be obtained 
from the secretary, B. N. Halpern, 197 Boulevard St. 
Germain, Paris, 7°. 


THE next standard course at the Harwell Reactor 
School on which places are available starts on 
November 10, and ends on March 6, 1959. The fee 
for the course is £250 exclusive of accommodation. 
Applications will be considered from overseas as well 
as the United Kingdom. Forms and further informa- 
tion can be obtained from the Principal, Reactor 
School, Atomic Energy Research Establishment, 
Harwell, Didcot, Berkshire. 


Tue Foundations’ Fund for Research in Psychiatry 
announces that October 15 is the latest date for the 
submission of completed applications for research 
fellowships in psychiatry, psychology, sociology, 
neurophysiology, and other sciences relevant to 
mental health. The latest date for applications for 
research grants-in-aid is December 10. Further 
details can be obtained from the Foundations’ Fund 
for Research in Psychiatry, 251 Edwards Street, 
New Haven 11, Connecticut. 


THE Research Fund of the Chemical Society pro- 
vides grants for the assistance of research in all 
branches of chemistry. About £700 per annum is 
available for this purpose. Applications for grants 
will be considered in November next and should be 
submitted on the appropriate form not later than 
November 14. Applications from Fellows will receive 
prior consideration. Further information can be 
obtained from the General Secretary, The Chemical 
Society, Burlington House, Piccadilly, London, W.1. 


Erratum. Mr. M. J. Lyons has written referring to 
his communication entitled ‘Presence of 1,2,3,4- 
Dibenzopyrene in Cigarette Smoke” in Nature, of July 
19, p. 178, stating that the first sentence of paragraph 
4 should read: “Small quantities of 1,2,3,4-dibenzo- 
pyrene have been detected in the exhaust products 
from petrol and Diesel engines’’. 
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HE Seventh International Cancer Congress, 
organized by the International Union against 
Cancer, was held in London during July 6-12 under 
the presidency of Sir Stanford Cade. A meeting 
involving about 600 papers and 2,500 members is not 
easy to survey: as was to be expected, nothing 
dramatic emerged and in these circumstances it is 
alrnost impossible to judge where the most significant 
advances are in fact being made. Specialists in the 
many disciplines embraced by cancer research would 
all have differing ideas on this, and a short review of 
the proceedings must therefore be a biased one. 


Hormones 


O. Miilhbock (Holland) expressed the view that 
cancer induced by hormones is always the result of 
super-normal production of a growth-stimulating 
hormone and that hormonal deficiency never’ gives 
rise to neoplasia. Miilhbock and his co-workers have 
shown that breast carcinoma can be induced in mice 
free from the milk factor by the repeated implanta- 
tion of pituitary glands from mice of the same 
strain, A. Lipschutz (Chile) described the occurrence 
of an ovarian neoplasm (luteoma) following sub-total 
castration. This is possibly another instance of 
pituitary over-stimulation. R. E. Kavetsky and his 
colleagues (U.8S.8.R.) provided evidence that distur- 
bance of the rhythm of activity of the pituitary 
gonadotropic. and mammatropic hormones was a 
feature of high-cancer strains of mice. Another 
example is that described by J. Bielschowsky (New 
Zealand) in the case of thyroid tumours, the genesis 
of which is dependent on continuous over-stimulation 
by the pituitary thyrotropic hormone. The tumour 
itself may continue to be dependent on the same 
hormonal stimulation. This property has been 
utilized in treatment in man, since by administering 
a goitrogen the tumour can be induced to secrete 
thyroxin and thus become vulnerable to radioactive 
iodine. 

One has the general impression that the relation 
between hormonal stimulation and cancer is being 
clarified rapidly and its role in the genesis of human 
tumours, particular of the breast, may prove impor- 
tant. The mechanism is still little understood, but 
the knowledge that certain tumours of tissues 
responsive to sex-hormones may still be dependent 
on such hormones has resulted in a significant thera- 
peutic advance. C. Huggins (United States), who 
has notable achievements in this field to his credit, 
reviewed the treatment of cancer of the breast by 


surgical removal of the ovaries and the adrenal and ° 


pituitary glands. Both he and H. Shay (United 
States) described useful and rapid methods of inducing 
cancer in the breast of rats by intensive but limited 
oral treatment with methylcholanthrene. 


Metabolism of Carcinogens 


The fate of injected chemical carcinogens with its 
corollary, the mechanism of carcinogenesis, was a 
dominant topic. I. Berenblum (Israel) reviewed 
this subject and suggested that with the polycyclic 
hydrocarbons there is still no firm evidence on whether 
the carcinogen itself or a metabolite is the decisive 
factor. On the other hand, C. Heidelberger (United 
States) argued that carcinogenic activity is correlated 
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directly with specific protein-binding as a first step 
leading eventually to the deletion of the essential 
enzymes regulating cell-growth. He gave evidence 
that the binding is in the K region first described by 
the Pullmans. A. Pullman (France) described his 
electronic theory and urged greater co-operation on 
the biological side which will be necessary to test its 
validity. The theory demands protein-binding with 
the carcinogen and not with a metabolite. 

H. R. Gutmann (United States) showed that an 
ortho-hydroxyamine derivative from 2-acetylamino- 
fluorene is capable of protein-binding in simple 
biochemical systems. Specific protein-binding as the 
primary process in carcinogenesis is an exceedingly 
important concept and, though not mentioned 
extensively at the Congress, its implications in the 
immunological approach to cancer were stressed by 
H. N. Green (Great Britain) and others. 

The metabolism of the carcinogenic aromatic 
amines is largely linked up with studies on bladder 
cancer. G. M. Bonser (Great Britain) described the 
pioneer work by which she and her colleagues had 
shown that 2-naphthylamine is carcinogenic to the 
bladder of dog and man by virtue of its conversion to 
2-amino-l-naphthol. The evidence that ortho-hydroxy- 
amines are of importance in amine carcinogenesis in 
general was amplified by D. B. Clayson (Great Britain) 
and L. Bradshaw (Great Britain) in relation to the 
metabolic fate of benzidine and 4-aminodipheny]. 

E. Boyland (Great Britain) suggested that carcino- 
genic metabolites may be liberated in the bladder by 
the action on the ortho-amino phenol conjugates 
(formed in the liver) of the enzymes glucuronidase and 
phosphatase. He described carcinogenic ortho- 
aminophenols (for example, 3-hydroxyanthranilic 
acid) which are products of tryptophan metabolism 
and so may be endogenous carcinogens. Since 
urinary $-glucuronidase is inhibited by oral adminis- 
tration of 1: 4-glucosaccharolactone, the possibility 
of preventing bladder cancer arises. 


lonizing Radiations 


Interest in ionizing radiations was mainly focused 
on the carcinogenic hazard in man and the induction 
of tumours in mice. R. Doll (Great Britain) described 
the definite but low incidence of leukzmias induced 
by X-rays in man and the evidence supporting somatic 
mutation as the cause. A. M. Brues (United States) 
opposed this view, because the evidence also suggests 
that the risk of carcinogenesis increases dispropor- 
tionately to the dosage. 

One of the many interesting ways of inducing cancer 
by irradiation was described by P. Furth (United 
States) who, by irradiating the pituitary gland, 
produced tumours which were functional and thus 
induced tumours in other conditioned target organs. 
L. W. Law (United States) described malignant 
lymphomas in mice given homologous or semi- 
isologous bone marrow as @ protection against lethal 
irradiation. H. 8. Kaplan (United States) argued 
that carcinogenic agents may act indirectly since 
thymic leukemias occur in the unirradiated thymus 
grafted into thymectomized mice subjected to prior 
irradiation. N. Petrov (U.S.S.R.) and his co-workers 
described the production of tumours in the bones of 
apes by the local action of radioactive minerals, an 
effect not obtained with carcinogenic hydrocarbons. 
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Viruses 


Tumour viruses were widely discussed, but the out- 
standing interest was in the leukemia viruses of mice. 
L. Gross (United States) discussed his work on the 
induction of leukzemia and parotid tumours with cell- 
free extracts of leukzemia tissues given to new-born 
mice. C. Friend (United States) described similar 
extracts rapidly inducing leukemia in adult mice, 
while T. Latarjet (France) dealt with cell-free extracts 
—and deoxyribonucleic and ribonucleic acids derived 
from them—accelerating the onset of leukemia and 
inducing the appearance of other tumours. These 
and other important contributions have great 
theoretical interest. Their relation to human 
leukemias is doubtful, and indeed Sir Macfarlane 
Burnet rather disturbed the cancer virus experts 
by his categorical declaration on epidemiological 
grounds that viruses played no part in the etiology 
of solid tumours in man. 


Immunology and Immunogenetics 


There were signs of a mounting interest in the field 
of immunology and immunogenetics not only in the 
number of directly relevant papers submitted but 
also in the references to immunological approaches in 
many others. H. N. Green (Great Britain) described 
his immunological theory, which ascribes the neoplas- 
tic state to absence of tissue-specific immunological 
identity in the cell. Evidence was presented that a 
specific antigenic complex is formed by carcinogen 
binding probably with a lipo-protein complex which, 
possibly as a result of an immune reaction, results in the 
emergence of a strain of cells lacking such a complex. 
E. Weiler (United States) has previously found a 
loss of tissue-specific antigens in chemically induced 
tumours of the liver and kidney and, by ingenious 
isotopic and immune techniques, has now demon- 
strated their loss in the second generation of normal 
kidney epithelium tissue culture. The failure to 
induce chemical carcinogenesis, contrasted with the 
occurrence of malignant transformation in tissue 
culture, was one of the many facts presented originally 
in support of Green’s theory. C. A. Zilber (U.S.S.R.), 
as well as G. P. Cunningham and his co-workers 
(Great Britain), indicated that an antigenic complex 
is formed in chemical carcinogenesis of the liver. 
Zilber found that this disappears, to be replaced in 
the tumour by a specific antigen with no carcinogen 
specificity. ‘Tumour antigens are found in human 
and virus tumours. Antigenic change in tumours is 
both quantitative and qualitative. 

Sir Macfarlane Burnet, in a broad survey of the 
biological nature of cancer, concluded that it can best 
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be explained on a basis of somatic mutation and clone 
selection. The problem is to find whether these 
mutations are due to random action of many kinds 
of stimuli, deviation of some process of cellular 
differentiation or enforced and directed mutation by 
the action of specific substances. The auto-immune 
state is not excluded as a cause, but more experi- 
mental support is needed. G. Klein (Sweden) 
suggested that the evolution of the neoplastic cell 
towards greater autonomy is due to intercellular 
variation followed by se’-.tion. L. Sachs (Israel) 
demonstrated that though greater freedom of trans- 
plantability may involve loss of agglutinogens it 
always implies greater antigenicity in general, a 
finding which is by no means opposed to an immuno- 
logical theory of loss of cytoplasmic specific anti- 
gens. 

Immunological ideas are being increasingly used 
in experimental therapy, for example, in tagging 
radioiodine on to tissue-specific antibody globulin 
(by I. L. Spar and his co-workers in the United 
States). 


Space does not allow of discussion of many import- 
ant subjects. Naturally, the relation between smoking 
and cancer was a prominent topic, and half the Con- 
gress was devoted to clinical papers. These topics 
and the important subject of the control of cancer 
are of great importance, but they will be covered fully 
in the medical press. Chemotherapy, however, must 
be mentioned here, as it occupied an important part 
of the proceedings. Many new synthetic com- 
pounds were described, the present emphasis being 
away from the radiomimetic and towards the anti- 
metabolic compounds. Nevertheless a large amount 
of work still stems from the original work of A. 
Haddow and his colleagues on therapy with alkylating 
agents. Moreover, the great number of papers on 
nucleic acid metabolism and carcinogenesis reported 
at the Congress were derived largely from the original 
studies on the mechanism of action of such 
agents. 

Even a long review could not be fair to every 
significant contribution. It is indeed very possible 
that among the hundreds not mentioned specifically 
some may have more potential importance than any 
cited here. For example, the work of K. Setala 
and his co-workers (Finland) on the cancer-promoting 
activities of ‘Tween 60’ or of the purely physical 
induction of cancer by plastic films by E. T. Oppen- 
heimer (United States) may fall within this category. 
The cancer scene still covers a broad canvas and the 
vitally important detail may not yet have been 
emphasized. H. N. GREEN 


BRITISH RAYON RESEARCH ASSOCIATION 
OPEN DAYS 


HE British Rayon Research Association held 

the third of its annual open days during May 7-9. 
The total attendance was 650-700, some 300 attending 
on the second day. A new technological building has 
been built and this houses the wool processing 
machinery, the work on vibration problems on spin- 
ning frames and the fluid-bed work. All the work of 
the Association was shown with the exception of that 
on fluid beds, which, as it has been moved twice in 
the past twelve months, was not in a suitable condition 


for demonstration. In order to present the funda- 
mental work in a form which showed its relevance to 
problems in the textile industry, two short lectures 
on the work of the chemistry and physics groups were 
given by the senior chemist and senior physicist 
immediately after lunch on each day. These were 
well attended and well received. 

Because of the disorganization caused to tech- 
nological work by the vacation of the Barton Dock 
Road premises and the subsequent upheaval in the 
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Association when the additional technological building 
was brought into use, the different sections have been 
reduced in their activities for periods varying from 
two to three weeks to two to three months. This 
interruption to the work has been utilized to recon- 
sider the machines which are required for future work 
and also to review the research programme. As a 
consequence the amount of new development which 
could be demonstrated was rather less than in previous 
years. 

On the chemistry side, the work on the alkaline 
degradation of cellulose is being reviewed and the 
general picture of the mechanism of degradation has 
been modified to account for the presence of the 
large number of acidic products!. The study of the 
kinetics of the oxidation of model compounds, 
preparatory to a study of the oxidation of cellulose, 
has been continued. Even in the case of ethyl 
alcohol the mechanisms originally proposed have been 
shown not to be sufficient to account for all the 
kinetic results. Thus it is necessary to postulate a 
unimolecular decomposition of the peroxy-radical 
which competes with a bimolecular process; for 
example, in the case of ethyl alcohol the essential 
reactions appear to be: 


RO,: —> CH,CHO + HO,: 
RO,: RO,:— 2 CH,CO,H + H,O, 


In the early work, anthraquinone sulphonate (Q) was 
used as the sensitizer, thus 


Q* Qe 
Q* + RH-—QH- + R- 
R- + 0,— RO,: 


Recently hydroxyl radicals, produced by the action 
of ultra-violet light on hydrogen peroxide, have been 
used as the hydrogen atom abstractors, and it has 
been shown that their action is much less specific 
than that of excited anthraquinones. Whereas for 
anthraquinones the results can be accounted for by 
assuming abstraction of an a-hydrogen atom, it 
appears necessary to assume that hydroxy] radicals 
can abstract hydrogen atoms at other positions. 

A subject of great interest to the Association is that 
of the fine structure in cellulosic materials. Wor is 
still proceeding on ways of determining whether the 
microfibrillar structures observed could be complete 
or partial artefacts. During the past year or so, two 
approaches to the problem of determining the 
mechanism of formation of structure in solution-spun 
polymers have been started. The first method is to 
follow the volume changes during gelation of cellulose 
acetate in different solvents. The second one is to 
study the light-scattering of the solution. 

A possible complication in interpreting the results of 
stress-birefringence measurements is that, in general, 
birefringence can be caused not only by the orienta- 
tion of anisotropic polymer units but also by aniso- 
tropy in the spatial configuration of these units. 
Experimental departures from the simple orientation 
theory in solvent-swollen polymer systems have been 
classified under the general heading of ‘Wiener effect’. 
Some measurements of the photo-elastic properties 
of swollen cross-linked rubbers have recently been 
made in this connexion. The effect of solvent is 
found to be small yet significant, but its dependence 
on the solvent refractive index is not of the form 
corresponding to the simple theory put forward by 
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Wiener. A rigorous theoretical treatment of the 
transmission of light through a two-component bire- 
fringent medium has been started. It has been shown 
that the Lorenz-Lorentz relation is not adequate to 
relate birefringence to anisotropy of polarizability 
in stretched polymer systems and that the change in 
local environment when a single polymer chain is 
stretched can make a significant contribution to the 
birefringence. This effect is likely to be most impor- 
teat in dilute solutions where individual chains 
scarcely interact, but the effect may also make a small 
contribution to the birefringence of bulk polymers. 

Certain equations relating stress and flow history, 
derived for polymer solutions on the basis of a net- 
work model, have been used to calculate the stress 
components in steady shear flow and, more recently, 
the deformations which occur when some or all of 
these components are made zero*. Some preliminary 
measurements of normal stress components in steady 
shear flow have been made with a newly developed 
cone-and-plate apparatus; a diaphragm-capacity 
gauge with a response time of about one second is 
used to measure the distribution of pressure over the 
plate. 

Two researches on the absorption of water by 
crystalline polymers have been started. In the first 
one measurements of the moisture content of a number 
of textile polymers in fibre and film form have been 
made over a wide range of humidities and tempera- 
tures. In Urquhart’s work® it was reported that the 
isotherms crossed over at high relative humidities for 
eotton. This work, which was started after discussion 
with Dr. Urquhart, does not confirm this result. An 
attempt will be made to correlate these measurements 
with the ‘accessibility’ of these samples of material as 
determined by deuterium exchange with deuterium 
oxide. The second research is concerned with the 
amount of moisture taken up by cellulose after 
different amounts of acid hydrolysis. In the case 
of cotton it has been reported that the amount 
of moisture absorbed first decreases with time of 
hydrolysis, goes through a minimum and then in- 
creases, finally levelling off and becoming inde- 
pendent of further hydrolysis. This result has been 
confirmed for cotton but, in the case of viscose, no 
minimum has yet been found. It may be that there 
is a minimum for a very small amount of hydrolysis, 
and this aspect is being investigated. In order to 
interpret these results it is necessary to make certain 
assumptions about the crystallite size distribution, 
so that the work may throw further light on both the 
fine structure of cellulose and the mechanism of water 
absorption. 

Experimental work to test the fundamental theory 
of the geometry of yarn structures has been very 
fruitful. Measurements have been made of the fila- 
ment path in the yarn, the packing density across the 
yarn section and the variation in filament twist 
across the yarn section. Further work on the geo- 
metry is continuing and, in the next few months, a 
study of the relation between the mechanical proper- 
ties of the yarn and those of the constituent filaments 
will be started. Initial experiments using rubber as a 
model, which has the advantage of well-defined 
elastic behaviour, have already been made. 

An agreement has been negotiated with a firm to 
produce and market most of the electronic instru- 
ments developed by the Association. The prototype 
electronic weft-straightener has functioned to the 
satisfaction of a member firm and discussions for its 
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production are taking place. A new instrument, 
based on a pneumatic principle, has been developed 
for measuring the degree of ‘raise’ on raised fabrics. 


This instrument shows considerable promise, not only 


as a means of assessment, but also as a control instru- 
ment for raising machinery. The simple method of 
measuring warp tension in looms has been improved 
and instruments are undergoing tests in a number of 
member firms. The method may also have applica- 
tion in the control of tension in sizing, and suitably 
modified instruments are about to be evaluated in 
sizing machinery both at the Association and in the 
premises of member firms. 

As mentioned earlier in this article, the work on 
machinery development has been restricted by 
internal reorganization. However, another method of 
controlling vibration in speed-frames has been devel- 
oped and is in process of being evaluated. As for 
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fluid beds, a full-seale single-pass bed has been con- 
structed and this is being used for measurements of 
heat transfer and to assess how far laboratory data 
on resin-baking and dyeing are applicable under 
conditions approaching those in a practical machine. 
Apart from this, most of the development work is 
concentrated on designing a fluid bed suitable for 
dyeing fabrics constructed of hydrophobic fibres. 
The number of staff is almost the same as last year. 
The total is 261 made up as follows: research staff, 
85; laboratory and technical assistants, 75; engin- 
eering, drawing office, and maintenance staff, 60; 
library and administrative staff, 32; and canteen 
staff, 9. L. A. WISEMAN 


1 Nature, 179, 1229 (1957). 

? “Rheology of Elastomers”, 79 (Pergamon, 1958). Rheologica Acta, 
No. 2 (in the press). 

8 J. Text. Inst., 15, 559 (1924). 


DESIGN AND MANAGEMENT OF A NUCLEAR SCIENCE 
LABORATORY 


By Pror. A. J. WOODALL, O.B.E., C. G. WILSON, Dr. A. L. JONES and D. K. THOMAS 
Royal Military College of Science, Shrivenham 


HE following description of a laboratory specially 

designed for teaching nuclear physics and chem- 
istry at the Royal Military College of Science, 
Shrivenham, may be helpful to educational institu- 
tions embarking on work in this field. This laboratory 
has been in full use for approximately two years and 
it is now possible to make some assessment of the 
merits of the various special features incorporated in 
the design. 

The laboratory caters for students, who range from 
young officers reading for science and engineering 
degrees to more senior officers on specialist courses. 
They are mostly pressed for time and more concerned 
with modern applications than with the history of 
the subject. Accordingly, modern techniques such 
as electronic counting are employed in experiments 
on properties of radioactive substances and their 
radiations rather than the traditional devices such as 
electroscopes and electrometers. The latter still 
occupy an honourable position in the honours degree 
laboratories of the College. 

The subject-matter of this course has its potential 
hazards; this is emphasized by maintenance of a 
very high standard of laboratory discipline, with 
proper emphasis on handling pre- 
cautions and health safety tech- 
niques. Maintenance of this 
standard is greatly assisted by 
the clean lines of the light airy 
rooms. 

_ The laboratory was completed, 
inexpensively and rapidly, by the 
conversion of an existing ‘Romney 
hut’, the main virtue of which was 
a sound concrete floor, some 75 ft. 
by 36 ft., protected by a semi- 
cylindrical water-tight shell of gal- 
vanized iron. Insertion of a false 
ceiling and suitable vertical divi- 
Sions created rooms of normal 
shape and voids which provide 
for certain services and for the 


ventilation system, as indicated in the typical trans- 
verse section of Fig. 1. A substantial central wall 
divides the building longitudinally into physics and 
chemistry sections. The physics side contains a 
nuclear physics laboratory, a gamma-radiography 
room, a small counting room, a photographic dark 
room, a small workshop and an office. The sub- 
division on the chemistry side, based on ascending 
levels of radioactivity, provides a preparation room, 
a monitoring room and three radiochemical labor- 
atories in which the anticipated level of activity is 
graded from negligible to dangerous. This arrange- 
ment leads to a gradation of working levels with the 
potentially quite dangerous activation room on the 
chemistry side opposite the radiography room, so 
that both are remote from the shielded counting 
room and the regions in which prolonged work is 
performed. The radioactive sources, in suitable 


individual containers, are kept in massive concrete 
and iron safes, one in each of the two main divisions. 

The rooms are separately ventilated into the roof 
void above the light-alloy false ceiling, which is 
stiffened by overhead girders and rests on the 
partition walls. 


This system minimizes _inter- 
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change of active material between the rooms. The 
flow of air is governed by a pair of powerful fans and 
it is expelled through the original ventilating shafts 
on top of the building. The intake is through 
individual gratings to prevent one room drawing air 
from another. The chemistry laboratories have an 
additional air flow when the fume-hoods are in 
operation. This system could have air-filters added 
on the outflows if necessary. It should, however, be 
mentioned that current opinion inclines to make the 
air-flow downwards because this is assisted by the 
normal movement of those grosser particles which 
become airborne. 

All exposed wall surfaces are smooth and coated 
with hard glossy paint, light in colour, so that 
splashes are easily visible. The concrete floor is 
completely covered with waxed polished linoleum 
and the joins sealed. The lighting is concealed, and 
all services are, whenever possible, out of sight and 
carried between laboratories above the false roof and 
inside the vertical walls. In this way surface decon- 
tamination is greatly facilitated. The main dividing 
wall is provided with two lead-lined hatches, so that 
radioactive sources can be passed from the chemistry 
laboratory to the physics laboratory without passing 
through the monitoring room. 

All effluent from the monitoring room and the 
radiochemical laboratories passes into external delay 
tanks, arranged below ground-level. Such effluent is 
not finally discharged until the level of activity has 
been checked as being below the maximum agreed 
with the relevant authority. It should be noted that 
public health authorities must be consulted about 
all arrangements of this kind. Solid waste which 
might be active is put into paper bags in foot- 
operated medical-type waste bins. These are later 
sealed, and if passed for disposal, are burnt in an 
incinerator, remote from any habitation. 

There are two neutron sources in the activation 
room. The larger source, an antimony—beryllium 
mixture with a nominal gamma-ray activity of 1 curie, 
is housed in a drum of paraffin wax, surrounded by a 
concrete cylinder built from interlocking rings with 
aligned holes which form vertical channels for 
inserting specimens for irradiation. In this way, 
tracer quantities of artificially radioactive materials 
are regularly prepared. The smaller source is of a 
radium—beryllium mixture, having associated gamma- 
activity equivalent to 20 mgm. of radium. Normally 
housed in a converted dustbin containing a hollow 
lead cylinder embedded in paraffin wax, this 
source is used for physical experiments involving 
neutrons. 

Except in emergency, the monitoring room is the 
only means of entry to the radiochemical laboratories. 
Here, all staff and students check themselves for 
contamination before entering and when leaving the 
laboratories. The hand-basins have foot-operated 
taps, and powerful hot-air hand-dryers are used in 
place of towels, to reduce cross-contamination risks. 
All personnel wear protective overalls in all the 
laboratories, but, in addition, rubber gloves and 
canvas overshoes are worn in the radiochemical 
laboratories. The intake of radioactive material is so 
serious a hazard that eating, smoking and the like 
are strictly forbidden except in the office, which 
is adiacent to the main entrance. Since familiarity 
often causes research workers as well as technicians 
and industrial workers to become lax, and the 
consequences of mistakes may not show for long 
periods, it is essential to be rigid in enforcing 
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this discipline, but the reasons for all rules should be 
fully understood and no avoidable hardship should 
be inflicted. For example, the hand-dryers must be 
very efficient so that there is no temptation to hasten 
operations with a surreptitious use of a handkerchief. 
Staff and students carry film badges and sometimes 
also quartz-fibre dosimeters, and a diary is maintained 
of individual radiation doses so recorded. 

The laboratory furniture is normal, but bench tops 
are protected by stout water-proof waxed paper 
which can easily be removed after contamination. 
Chemical experiments are ‘contained’ in stainless 
steel trays lined with tissue paper. Normal chemical 
manipulation is drastically modified, there being no 
sniffing and tasting, while wash-bottles are replaced 
by plastic squeeze-bottles and pipettes are piston- 
operated. The preparation of sources which are 
powerful alpha- or beta-emitters is carried out in a 
glove-box, having rubber gloves sealed into apertures 
in the ‘Perspex’ windows: strong gamma-emitters 
are handled behind an appropriate shielding wall of 
interlocking lead bricks by remote handling gear. 
The weight of the walls is taken by the reinforced 
concrete bench which, incidentally, shields the lower 
part of the body. 

Most of the apparatus on the physics side com- 
prises various forms of radiation detector and 
counting equipment. The standard counting unit 
consists of a Geiger—Miiller tube housed in a lead 
‘castle’ and connected to a dekatron scaler by a 
small pre-amplifier and delay circuit. The voltage 
supply for the Geiger tubes is provided by power 
packs, each capable of feeding several units. In 
addition, three rate-meters are available for the 
direct measurement of counting rates, using end- 
window or liquid detectors. A pen recorder in con- 
junction with a rate-meter enables the decay curve 
of some isotopes to be traced directly. Battery- 
operated radiation monitors and Radiac equipment 
are used in simple experiments, apart from serving 
as laboratory monitors and survey meters. More 
specialized equipment includes two scintillation 
counters (one is incorporated in a single-channel 
gamma-ray spectrometer); two vibrating-reed elec- 
trometers, used for alpha-ray range determination 
and for ionization current measurements, etc. ; and 
a home-made, thin-lens type, beta-ray spectro- 
meter. 

Weak radioactive sources (micro-curies) are pre- 
pared by evaporation from nickel planchettes of 
diluted radioactive solutions obtained from the 
Radiochemical Centre, Amersham. Infra-red lamps 
are used for this operation to avoid possible spray. 
The planchettes are mounted on thin ‘Perspex’ sheets 
designed to fit into a lead castle. More active sources 
(milli-curies) as wire or foil are obtained from Har- 
well. For gamma-radiography, the main source is of 
iridium-192 of several curies strength, used in a 
gamma-ray ‘bomb’ container. When the stronger 
sources are used in the exposed state in an experi- 
ment, lead brick shielding is used to ensure a reason- 
ably low background throughout the laboratory. It 
has been found possible to cast suitable lead bricks 
very cheaply in the college workshops. 

The experiments carried out in the physics section 
include the characteristics of the absorption of alpha-, 
beta- and gamma-rays ; the calibration of dosimeters 
and of film badges; the survey of contaminated 
ground ; the determination of beta- and gamma-ray 
spectra; the slow neutron flux obtained from a 
neutron source immersed in water ; the characteristics 
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of Geiger and scintillation counters; the decay 
curves of irradiated silver; the use of nuclear 
emulsions; and the production of gamma-radio- 
graphs. On the chemistry side, the experiments 
include the production and isolation of radioactive 
iodine ; slow-neutron activation analyses ; isotopic 
dilution analyses ; separation using exchange resins 
and the solubility of lead sulphate. The experiment 
schedules are modified to cater for the differing 
academic levels of students using the laboratory. 

The laboratory caters for a maximum of thirty 
students at a time, of whom about twenty would be 
on the physical side and the rest doing chemical 
experiments. This represents a fairly high concen- 
tration of personnel in the working space, and constant 
vigilance is required to prevent excess local back- 
ground, especially when sources are moved. Writing 
records of experiments is then usually carried out 
in a neighbouring building. 

The capital cost of conversion, including benching, 
ventilation and drainage, for a laboratory on this 
scale, is likely to be in the region of £5,000 ; a brand- 
new building would cost much more and take longer 
to construct. Equipment at the standard adopted 
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for this laboratory is comparable in cost. It is felt 
that the high initial cost of carefully chosen com- 
mercial apparatus has been fully justified in the 
sequel by the excellent service it has given and by 
the low maintenance costs. 

We wish to record our indebtedness to those mem- 
bers of the Atomic Energy Research Establishment 
and the Atomic Weapons Research Establishment, 
who were consulted during the planning stage, 
for their valuable advice and to the Garrison 
Engineer at Shrivenham and his staff for their 
co-operation and professional skill. To those who 
contemplate similar ventures wé would warmly 
recommend a close study of laboratories of high 
standard. There are many points of detail which 
cannot be included in an account of this kind, but 
which make a difference to smooth and efficient 
running of the laboratories and reduce the risk of 
accident. The close co-operation of physicist and 
chemist in the design and operation of the laboratory 
has played a notable part in promoting its 
efficiency and its usefulness to the students, who 
gain a more balanced picture of the subject in this 
way. 


THE ELECTRICAL RESEARCH ASSOCIATION 


TT HE Electrical Research Association has recently 

completed its first year of work, under the direc- 
tion of Dr. H. G. Taylor, at the new laboratories 
at Leatherhead. Changes and developments are 
reflected in some measure in the form as well as in 
the content of the annual report for 1957* which was 
presented at the annual general meeting held on 
May 7. 

It is with regret that we record the death, on the 
day of the meeting, of Mr. F. H. Bramwell, chairman 
of the Council of the Association, over whose signature 
the report of the Council appears in the annual 
report. 

In the matter of framing research policy it is note- 
worthy that the Council now has the benefit of draw- 
ing upon the knowledge and experience of an Advisory 
Research Board, the constitution of which is given 
in the report under the list of committees and panels. 
On the administrative side a new post of research 
manager has been established and is occupied by 
Mr. L. Gosland, who was formerly head of the switch- 
gear department. 

In order to form some assessment of the extent to 
which the Association’s research effort is co-ordinated 
with the interests of members, a questionnaire was 
issued during the year inviting opinion as to the 
application of the Association’s research funds. The 
results were weighted in relation to the value of 
members’ subscriptions and a final percentage analysis 
prepared. This analysis is found to be in reasonably 
good correlation with the relative scale of the Associa- 
tion's activity in its various fields, and although it 
does not show a pressing demand for work in any field 
in which the Association is not at present engaged, 
there is a significant emphasis on the subject of the 
nuclear irradiation of dielectrics, cathodie protection, 
climate proofing, nuclear power and semi-conductors. 


* Electrical Research Association. Thirty-seventh Annual Report 


for the year ended 31st December, 1957 119+8 plates. (Leather- 
head: Electrical Research Anouintion, 1660) +8 pi . (Leather 





The results of this questionnaire provide very useful 
guidance for future policy. 

Mention is made of the difficulties which have been 
experienced in filling vacancies on the senior scientific 
staff and of the efforts which are being made to inter- 
est young university graduates in engineering and in 
physics in the work of the Association. The total 
number of staff employed by the Association at the 
end of the year under review was 348. 

In the field of insulation, which constitutes one of 
the major areas of the Association’s work, a result of 
considerable practical significance has been obtained 
in the demonstration of the importance of moisture 
content in controlling the discharge inception-level 
of cellulose. Confirmation has also been obtained, 
in the case of one of the new high-density polyethyl- 
enes, of the recently propounded electro-mechanical 
theory of breakdown. 

It is interesting to note that it has been found 
desirable to initiate a fundamental study of the 
mechanism of oxidation of hydrocarbon oils. This 
programme is being carried out in three university 
departments. The need to supplement the great body 
of existing knowledge of the behaviour of hydrocar- 
bon oils as insulants for electrical apparatus arises 
from the urge to raise the working temperature of 
transformers. 

In another important branch of the Association’s 
work, that of circuit breakers and circuit-breaking 
phenomena, progress is reported in the breaking of 
both low and high currents in vacuum and, in relation 
to the arc itself, theoretical predictions of high are- 
core temperatures (35,000° K.) have been confirmed 
by spectroscopic measurements. 

Two interesting full-scale experiments relating to 
electric power systems are reported. These were 
carried out in collaboration with the Central Electri- 
city Authority. The stability of a large national 
electricity supply system under conditions of overload 
or of transient disturbance is naturally a matter of 
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importance and studies of system stability are made 
using network models known as network analysers. 
The validity of the results of such studies is in large 
measure dependent upon the correctness of the values 
of the system constants used in setting up the model 
system, and these have often to be based on indirect 
computation. There is therefore great interest in 
the carrying out of stability tests on actual power 
systems whenever such full-scale tests can be arranged. 
The first large-scale experiments on system stability 
to be made in Britain were carried out during a 
Bank Holiday week-end at the Cliff Quay Generating 
Station of the Central Electricity Authority. The 
performance of the system was predicted on three 
models, the network analysers of the Association and 
of the Associated Electrical Industries organization 
together with the ‘Micro Réseau’ of Electricité de 
France. The results of these tests will be communi- 
cated in a group of papers to be read before the 
Institution of Electrical Engineers. It is, however, 
stated in the report that the behaviour of the system 
was in general agreement with prediction. 

The second experiment concerned the strength of 
the foundations of transmission towers. The oppor- 
tunity to make tests on a series of erected towers 
occurred as a result of the decision of the South 
Eastern Electricity Board to discontinue the use of a 
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section of 33 kV. line in the Guildford area. Mechani- 
cal loading tests were carried out on the towers with 
the view of determining the strength of their founda- 
tions. The report on these tests has not yet been 
issued, but it is stated that the strength of the 
foundations was considerably less than had been 
expected. 

The Association’s work on intrinsically safe circuits 
for measurement and control in an atmosphere of 
explosive gases has included acetylene and ethylene. 
As a result of this, ethylene has been included in the 
list of gases covered by the appropriate British Safety 
Standard, and certification is now available for appara- 
tus to be used in an ethylene atmosphere. 

An attractive new feature of the annual report is 
the inclusion of a group of photographs illustrating 
aspects of the research work. One of these is a repro- 
duction of a thunderstorm distribution map for 1957 
for England, Wales and Scotland. The accumulation 
by the Association of data concerning lightning flashes 
is proving to be of increasing value. Towards the 
end of the report is given a list of universities, 
colleges, Government establishments and national 
authorities in which the extramural research of the 
Association is being carried on, in each case stating 
the subject of the research programme and names of 
those responsible for the work. J. GREIG 


GENETICS OF BETA-GLOBULIN POLYMORPHISM IN 
BRITISH CATTLE 


By G. C. 


ASHTON 


The Animal Health Trust, Farm Livestock Research Station, Stock, Essex 


N a preliminary communication five serum §-globu- 

lin phenotypes of cattle, identified by starch gel 
electrophoresis, were described!. A sixth phenotype 
has now been found, and as a result it is possible to 
propose a genetic mechanism for the system. 

The six phenotypes are shown in Fig. 1 together 
with the postulated genotypes. The mating data and 
symmetrical appearance of the phenotypes suggested 
that a three-allele system (genes 841, B?, and BF) 
with no dominance is operative. The homozygotes 
type I (84/84), type IV (82/8), and type VI (82/B#) 
are individually recognizable. The heterozygotes are 
also recognizable as such; thus type II (64/8?) is 
clearly a composite of types I and IV, type ITI (82/82) 
a composite of types IV and VI, and type V (84/6) 
a composite of types I and IV. Equal mixtures of 
the appropriate homozygous 8-globulin sera are 
indistinguishable qualitatively from genuine samples 
of heterozygous serum when run side by side. Each 
of the phenotypes I-VI is thus a single genotype, and 
it is therefore appropriate to discard the numerical 
terminology and name each phenotype by its geno- 
type. The expected distribution of phenotypes 
(genotypes) is shown in Table 1, while pooled mating 
data for a number of breeds are shown in Table 2. 
The sxpected and observed results agree when tested 
by the x? test. 

In the preliminary communication' only five 
phenctypes had been recognized, and to fit the 
mating data reported at that time it was necessary to 


postulate a series of linked genes. However, with the 
finding of the sixth phenotype (@££) the genetic 
mechanism became clear and it was apparent that 
five of the 150 matings previously reported! (two 
I x IV-—I; oneI x IV—IV;; onellI x V—I; 
one III x V —-IV) were not possible on the 3-allele 





ANSSUSNVINUNNOLY 
SE: 


AAA 
ti! 


AXAAVAYS AAA 
See 


ASSASALAS 


=a 
SS 


‘een aRTES 
AAAS 








papa 


pe/ps 
Fig. 1. The six 6-globulin types. Alb., albumin; 7.a., post albumin ; 


BAjpD = BBE BD/BD = BAlpE 


-globulins. Solid bands, intense staining; cross- 


a, a-complex; 6, 
hatched, less intense 





RRR ARO RRS BAIA SOC Hie a, 







































SAN a Rego 








sah eS esa eas 





No. 4632 August 9, 1958 


















































Table 1. EXPECTED MATING RESULTS AND DISTRIBUTION OF OFF- 
SPRING ON THREE-ALLELE THEORY 
Distribution of offspring 
Parents | 
pad | BAD | pDE pod | pak | pee | 
pad x BAA | 1-0 aE Es Ppitn cm ted ec 
» BAD | 05 05 | — | — | — — | 
‘“ poDE; — 0-5 —_ — | 05 oy 
te =~ 1-0 _ oo —> |— 4 
” B 0-5 = os — 0°5 —_ 
. pas) — = mes ame 10 ial ore 
BAD x BAD | 0-25 | 0°5 — 0-25 a= oa 
, BPE} — | 9-25 | 0-25 | 0-25 | 0-25 | — 
» BoD) — | 06 — | 05 — —_ 
» B4E | 0-25 | 0-25 | 025 | — | 025; — 
., BRE) — — | 05 — | 05 -- 
pDE x PDE} — | — | 05 | 0:25 | — | 0-25 
BOD} — | — | 05 | 0-5 — — 
» BABE] — | 0-25 | 0-25 | — | 0-25 | 0-25 
, pss — — | 05 ee ee 
pDD x BDD ~~ se ee 10 Sead a. sae 
» Bae} — | 05 0-5 — ae ee 
* BEE); — — | 10 — —- )}j-—- 
pAE x BAE | 0-25 —- | — = 0-5 | 0-25 
,, BEE) — — _ — | 05 | 05 
BEE BEE tas ‘iat eam. ea i 
Table 2 
| Distribution of 325 single offspring 
Parents | 
| pAa | pAaD | pDE | pDD | BAB | BEE | 
VS a ir ae a Ee ee egg erie 
ae: ae ee oe _ — —- |}; — 
7 BDE sini 3 ras ies ie ae 
»,  BDD — 42 —_ _ —- | — 
7 BAE | 5 atime ia seatial j ann 
ee eC eat ese ore ee we gen 
BAD x BAD | 10 14 _— 8 —f 
, poe} — 1 2 1}; 8 | — 
», BDD | — so) 1 39 | — — 
BAB | 8 ae ee ae ee ee, 
BDE BDE Gite caiens | 7 | 3 ate | 9 
». BDD _ ool Ge Fane ee SP 
+ AE — 1 $3 j— | bn § 
sD ays bis La es | 97 lp ip : 
, pAb) — 4 Fe hese ue 
pee | — = 4 ee Te yet 
BAE x BAE 1 <i meats Le 2... ea 
No matings between p22 and B42, BDE, AE or BEE have been 
observed 
theory indicated by the sixth phenotype. These 


mating results were re-investigated and in each case 
proved to be false after critical examination. In this 
connexion Rendel* found that the stated parentage 
was in error in about 8 per cent of sire-dam-offspring 
families blood-grouped in Sweden. It is thus probable 
that the 8-globulin system will be of assistance in 
checking parentage. 

The five phenotypes previously reported! were 
found independently by Smithies and Hickman? ; 
on the basis of 71 mating results within two herds 
they postulated a three-gene theory for cattle 
8-globulins also, although their interpretation of the 
expression of each gene has proved to be incorrect. 

In order to establish reliable gene frequency data 
for each breed of cattle it is necessary to examine 
& representative cross-section of each breed. It is 
difficult to get a truly random sample by examining 
cattle indiscriminantly, due to the preponderance of 
herds using one or two bulls only. However, with the 
advent of artificial insemination representative 
groups of pedigree bulls drawn from many sources 
have been established, and these bulls each serve 
many hundreds of cows and heifers every year. 

Table 3 shows the distribution of phenotypes in 
bulls standing at Milk Marketing Board cattle- 


breeding centres compared wi i 

ith bulls stand 
other centres. j a. oct 
“tee frequencies for each breed from both groups 
or centres are shown in Table 4. The results were 
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calculated from the relationships, A = (2844 + 
B4D + B4E)/2N, D = (R4D + BDE + 2BDD)/2N, and 
E = (QDE + B4E + 2GEF)/2N, where B44, B4D, etc. 
are the numbers of animals of this phenotype found 
for any given breed and N is the total number of 
animals, and where A, D and E are the fre- 
quencies of genes 84, B2 and BF respectively. The 
standard errors of the gene frequency estimates were 
calculated from the expression V 1/2N. [g(1 — g) ], 
where g is gene frequency. 

It will be seen that the gene frequencies calculated 
from both groups of breeding centres are consistent 
for each breed, within the standard errors found. The 
gene frequencies found for each breed, therefore, are 
probably fairly representative for that breed in 
Britain. 

It is evident that the frequency of B# is greater in 
those breeds originating in the climatically more 
severe parts of the British Isles. Thus 8” is absent in 
Jersey, Guernsey, Devon and South Devon cattle, 
confined mainly to the south and south-west of 
England, while it is most frequent in cattle of 
Scottish origin. Furthermore, the frequency of this 
gene within the Ayrshire breed is associated with the 
location of the herd. In a herd using artificial in- 
semination selected at random in Essex the frequency 
of 8% was 0-118 + 0-025 (80 animals), which is in 
agreement with the expected value (cf. Table 3). 
In a comparable herd (67 animals) in Aberdeenshire, 
on the other hand, the frequency of 8” was 0-261 + 
0-037, while Hickman and Smithies* found afrequency 
of 0-279 + 0-049 in an Ontario Ayrshire herd (42 
animals). These results suggest that §-globulin poly- 
morphism in cattle may be concerned with climate 























Table 3. DISTRIBUTION OF PHENOTYPES OF 808 PEDIGREE BULLS 
AT CATTLE-BREEDING CENTRES 

| | i 

| | Distribution of phenotypes | 

| Breed | Origin* | | 

| | p44 | pap | poe | pop | pak | pee | 
| Friesian | M | 58 | 85 | 8 | 54 | 9 | O 

| 0 } 9 16 | tS) ake 7 Ory 

| Shorthorn M | 422 | 2] 1 | 28 5 0 | 

0 RON ae ae 0 0 | 

| Hereford rT Bee ile oss Gis Suits ae 27 1 0 

| PSO Beek 0 6 0 0 | 

| Ayrshire ee” aes ey ge ats > Sa ae? Oa ae 3 Oo | 

| | oO 3 | 16 | 3 | 18 3 0 | 
Aberdeen M | 18 7 Oo; 4 9 0 
Angus | 0 SEE 4 1 2 2 0 
| Guernsey | M | 10 | 19 | — 8); —!— 
| G:3:1 36 11 — 8 — men 
| Jersey TOUS SR Page ema a — 4 _ — 
pg he aa — 1 — ae 
| Devon andO; 5 7 — 12 ae — 

South Devon|MandO| 1 | 4 /| — 9 — — | 

| Galloway J 0 1 0 0 ee i 

| ' | 








* M, Milk Marketing Board cattle-breeding centres (22); O, other 
eattle-breeding centres (9). 


Table 4. FREQUENCIES OF GENES £4, 82 AND 8 AND THEIR STANDARD 
ERRORS 














| Breed Origin* Gene frequencies | Standard errors + 
pA pd BF pA BD £8 
| Friesian | OM 0-490 0:470 0-040| 0-024 0-024 0-062 
ee 0-436 0-479 0-085| 0-051 0-052 0-029 
| Shorthorn M 0-606 0-366 0-028 | 0-032 0-033 0-011 
| 0 0-651 0-349 0-000/ 0-053 0-053 — 
Hereford M -409 0:576 0-015 | 0-043 0-043 0-011 
L. @ 0-364 0-636 0-000/ 0-102 0-102 — 
Ayrshire | M 0-253 0-642 0-105] 0-041 0-088 0-024 
8 0-291 0-639 0-070 | 0-049 0-052 0-028 
Aberdeen M 0-684 0-198 0-118] 0-075 0-065 0-017) 
Angus | 0O 0-572 0-321 0-107/ 0-106 0-100 0-066 
Guernsey | M 0-527 0-473 — |0-058 0-058 — | 
| 6 0-460 0-540 — | 0-071 0-071 — | 
Jersey M 0-681 0-319 — (0-055 0055 — | 
0 0-792 0-208 — | 0-083 0-083 — 











* M and O as in Table 3. 
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tolerance. It is significant that the average heat 
adaptability coefficients of some breeds of cattle, 
quoted by Findlay‘, are in inverse order to the BZ 
frequencies; for example, Jersey adaptability co- 
efficient 79, 8% nil; Hereford 73, 82 0-013; Aberdeen 
Angus 59, 8£ 0-115. In view of the high adaptability 
coefficient (89) of Brahman cattle, it will be worth 
while investigating the 6-globulins of these animals. 
It is noteworthy that recently described §-globulin 
polymorphism in humans sharply distinguishes the 
black and white races®. Polymorphism involving the 
B-globulins has also been found in sheep‘, goats, 
horses and rhesus monkeys’. This may prove to be 
one mechanism, therefore, by which a species is able to 
adapt itself to both temperate and tropical climates. 
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I gratefully acknowledge the co-operation of the 
veterinary officers and managers of the various 
artificial insemination centres in sending samples of 
bull blood, and of Mr. W. Thomson, of the Duthie 
Experimental Stock Farm, Aberdeenshire, for supply- 
ing blood samples from Ayrshire cattle. I am 
indebted to Mr. J. C. Gower of Rothamsted for help 
with the calculation of gene frequencies and errors. 
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* Ashton, G. C., Nature, 181, 849 (1958). 

7 Ashton, G. C. (unpublished observations). 


GROUP-TRANSLOCATION : A CONSEQUENCE OF ENZYME- 
CATALYSED GROUP-TRANSFER 


By Dr. PETER MITCHELL and Dr. JENNIFER MOYLE 
Department of Zoology, University of Edinburgh 


ECENT research on bacterial permeability', 
metabolism!.? and adaptation? has shown that 
the kinetics of the passage of metabolites through 
the plasma-membrane of bacteria closely resembles 
enzyme kinetics; and it has been inferred that 
certain protein components of the plasma-membrane 
may act as highly specific conductors of membrane- 
transport. We have suggested that normal enzyme 
systems are the conductors of membrane-transport 
and that metabolic energy is generally converted to 
osmotic’ “work by the formation and opening of 
covalent links between enzymes or co-enzymes in the 
membrane and the transported ‘molecules’ that are 
carried as chemical groups exactly as in enzyme- 
catalysed group-transfer reactions! *. This view has 
been supported by the observation that the plasma- 
membrane of certain bacteria is partly constituted of 
normal enzymes and carriers‘. On the other hand, 
using a less direct but very elegant approach to the 
problem, Cohen and Monod have recently adopted a 
view that they attribute to Danielli’. They suppose 
that “‘the rapid permeation of hydrophilic organic 
compounds into cells is ensured by stereospecific and 
functionally specialized protein components of the 
plasma-membrane”. They have introduced the word 
‘permease’ to distinguish these supposedly function- 
ally specialized catalysts of facilitated diffusion and 
also of active transport from metabolic enzymes, and 
have thus retained the old problem of the mechanism 
of energy coupling between metabolism and the 
catalysts of the osmotic processes. 

The object of the present communication is to 
amplify our own conception of the connexion between 
normal enzyme catalysis and the movement of 
chemical groups in space*, and to demonstrate again 
in a more general context that the active transport 
of metabolites can be adequately explained in 
orthodox biochemical terms. 

The recent developments on the border between 
enzyme kinetics and metabolic enzymology -have led 
to a spatially more realistic description of enzyme 
catalysis than was generally accepted before, by focus- 
ing attention upon the enzymic transfer of chemical 
groups and by considering the enzyme as a reactant 


in group-transfer reactions’,?._ For example’, certain 
phosphokinases (E) are believed to mediate in 
the transfer of phosphoryl between adenosine tri- 
phosphate (ATP) and the substrate (S) being phos- 
phorylated (forming EP) as follows: 


ATP + E = ADP + EP 
EP +S =E+SP 


Evidently there must be a spatial movement (trans- 
location) of phosphoryl relative to adenosine diphos- 
phate and the substrate in relation to the enzyme 
molecule as represented in Fig. 1, supposing the 
reaction to be on the enzyme ‘surface’, or as in 
Fig. 2 supposing the reaction to occur in a cleft in 
the molecule—the movement of phosphoryl from 
adenosine diphosphate to the substrate possibly 
involving thermal distortion of the enzyme itself as 
suggested previously®. The group-translocation 
accompanying group-transfer illustrated by this 
example is, we suggest, a phenomenon general to 
many enzyme-catalysed group-transfer reactions, 
including hydrogen and electron transfer. The 
translocation implicit in the transfer process would, 
of course, have no macroscopic effect in a homo- 
geneous system and might, under these conditions, 
be passed over as unimportant. If the system is not 
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a) ATP —> ‘ADPP S $< S 


(2) 





(8) ADPe— :ADP3-SP ; —>SP 


Fig. 2 


homogeneous, however, group-translocation may 
have a biochemically important macroscopic con- 
sequence. 

It is possible to envisage both a macroscopic and 
a microscopic type of inhomogeneity that may cause 
group-translocation to show macroscopically. In the 
macroscopic type, the enzyme molecules must be 
orientated in a membrane in such a way that certain 
components react with the active centre from one 
side (or from both sides) while one or more other 
components react only from the other side. The 
essential consequence of this state of affairs would 
be that a chemical group must pass across the mem- 
brane during the enzyme-catalysed reaction. The 
enzyme as depicted in Fig. 2 could give rise to the 
effect that we are describing simply by being im- 
bedded in an inert osmotic barrier with the cleft 
connecting the phases on either side; and even the 
more usual representation (Fig. 1) would give rise to 
the same effect if the enzyme molecules were orient- 
ated so that the part of the osmotic barrier lying 
close to the active centre formed a cleft connecting 
the phases on either side like that envisaged in the 
enzyme itself in Fig. 2. In this way, membrane- 
transport and metabolism can be integral con- 
sequences of the same enzyme-catalysed process. 
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The microscopic type of inhomogeneity that may 
cause group-translocation to be macroscopically 
significant requires the participation of a second 
enzyme that can catalyse a change in the product of 
the first enzyme reaction. In this case we can 
visualize the inhomogeneity as a pairing of the 
different enzyme molecules so that a product of the 
first enzyme reaction diffuses to the active centre of 
the second enzyme faster than it escapes into the 
neighbouring region of the medium. The possible 
consequences of this type of inhomogeneity are of 
more than! theoretical interest, because the grouping 
of enzymes and carriers into double- or many- 
functional particles within which the reactions are 
closely integrated is well known’. 

The highly organized particle and membrane 
systems of most animal and plant cells recently dis- 
covered have presented new problems of spatial 
metabolic organization that have taxed the imag- 
ination of biochemists*. We suggest that the concept 
of group-translocation may provide the basis for a 
new but essentially orthodox biochemical approach 
to these problems. A more detailed account of group- 
translocation will be published in due course’. 

We would like to thank the Scottish Hospital 
Endowments Research Trust for personal grants in 
support of our work. 
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OXIDATIVE METABOLISM OF POLYCYCLIC HYDROCARBONS 
BY SOIL PSEUDOMONADS 


By H. N. FERNLEY and Pror. W. C. EVANS 


Department of Agricultural Chemistry, School of Agriculture, University College of North Wales, Bangor 


HE intermediary pathways through which 

monocyclic aromatic compounds are metabolized 
by Soil bacteria have been summarized by Evans, 
Smith, Linstead and Elvidge'. It has been known 
since the work of Tausson* that several polycyclic 
hydrocarbons, for example naphthalene, anthracene 
and phenanthrene, also serve as substrates for certain 
soil organisms and are metabolized completely. A 
knowledge of the precise method of biochemical 
attack on these polynuclear hydrocarbons may help 
towards understanding the microbial oxidation of 
naturally occurring condensed ring systems. 
‘ In naphthalene cultures of a Pseudomonad strain, 
Strawinski and Stone* identified salicylic acid ; 
W alker and Wiltshire‘, in addition, isolated p-trans- 
1: 2-dihydro-1 : 2-dihydroxynaphthalene, and showed 


by the sequential induction technique that both were 
intermediates in the metabolism of this hydrocarbon. 
The latter workers also studied the breakdown of 
1-chloronaphthalene® by a suitable organism, identi- 
fying 8-chloro-1 : 2-dihydro-1 : 2-dihydroxynaphthal- 
ene and 3-chlorosalicylic acid as intermediates. These 
results made it very probable that C-5 in 1-chloro- 
naphthalene became the carboxyl-C of 3-chloro- 
salicylic acid. Murphy and Stone* found that 


1:2-naphthaquinone accumulated, eventually in 
toxic amounts, in naphthalene cultures of their strain 
of Pseudomonas. 

Recently, Rogoff and Wender’* have shown that 
phenanthrene and anthracene are also metabolized 
through end-ring attack, by members of the genus 
Pseudomonas. Thus, from phenanthrene cultures 
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and various colour reactions. Some minor 
chromatographic spots remain unidentified. 

Bacterial cells grown on naphthalene were 
sequentially induced to oxidize trans-1 : 2- 
dihydro-1 ; 2-dihydroxynaphthalene and sali- 


| — i 
WY ‘ ~n Y/ cylic acid in accordance with the results of 
naphthalene (D)-trans-1:2-dihydro- 1 : 2-dihydroxy- 1: 2-naphtha- previous workers‘,*, and also to 1: 2-di- 
naphthalenedicl naphthalene quinone hydroxynaphthalene. Coumarin, 0-coumaric 
| and melilotic acids regularly gave oxygen- 
uptakes considerably in excess of the control 
| cells, but the rates were rather slower than 
co | those of the former substrates. Negative 
L/S dan results were obtained with two synthetic 
( ¥ co,H | o-carboxycinnamic acids (m.p. 175°C. and 
a Gos 197—-205°C. respectively!®11), 0-carboxy- 
V/A phenylpropionic acid, phthalide acetic acid, 
o-carboxy-cis- o-carboxybenzoylacetic acid, and phthalic 
|_cinnamic acid | acid. 
l A crude cell-free extract prepared from 
| naphthalene-grown cells rapidly oxidized 
| pure 1 : 2-dihydroxynaphthalene, with the 
oO OH consumption of approximately 3 atoms of 
ANS co Y itn i oxygen, and the liberation of 1 mole of car- 
| sii | | _— bon dioxide per mole of substrate. Coumarin 
tf p was isolated as the major product of this 
AG YY enzyme action, on acidification and ether 
coumarin omatoony-sie- extraction. By analogy with previous work 
(o-coumarinic acid) in this field’, the immediate product of ring 
Ph fission is presumably o-carboxy-cis-cinna- 
ws \ mate, but we have no evidence, as yet, of 
Z i 7 its ore seg03 Neither of the synthetic 
JN o-carboxycinnamates is acted upon by this 
( Jeo er (you cH.co.H —-¢TUde enzyme preparation, but this may be 
\ : eo VY sia because they are both varieties of the trans- 
. isomer, whereas the bacterial enzyme would 
CO,H be expected to be stereo-specific towards the 
salicylic acid o-hptoeny trans. melilotic acid cis-form'*. The production of o-hydroxy- 
(o-coumaric acid) cis-cinnamate (isolated as coumarin) is ex- 
| plained by an oxidative decarboxylation of 
the presumed labile o-carboxy-cis-cinnamate ; 
{ the molar gaseous exchange is in agreement 
via catechol with this view. 
On the basis of these results, the oxidative 
they isolated 1-hydroxy-2-naphthoic acid, while Scheme 2. Succrsrep Pataway Yor THE DISSIMILATION OF ANTHRA- 
CENE AND PHENANTHRENE BY SOIL Pseudomonads (ref. 8) 


anthracene cultures afforded 3-hydroxy-2-naphthoic 
acid, as intermediates. Both these acids were 
afterwards metabolized through salicylic acid into 
the catechol pathway, as shown by sequential induc- 
tion experiments. 

The ultimate product of end-ring fission in the 
microbia! metabolism of polycyclic hydrocarbons is 
therefore salicylic acid or an analogue. Intermediate 
stages in the breakdown of the end-ring have not, 
however, been ascertained. “ 

Cultures of a Pseudomonad strain isolated from 
conifer litter, growing ewrobically in a simple mineral 
salts medium* with naphthalene as sole substrate, 
gave coumarin from the acid-ether fraction, detected 
by smell, and identified by chromatography, absorp- 
tion spectrum (Arax.. 277 my in water), and mixed 
melting-point with an authentic sample. It would 
appear that o-hydroxy-cis-cinnamate is the actual 
metabolite present in culture and not coumarin 
itself, since this would have occurred in the neutral- 
ether fraction, which was not the case. These cul- 
tures also contained, at various times, detectable 
amounts of o-hydroxy-trans-cinnamic acid (0-coumaric 
acid), o-hydroxyphenylpropionic acid (melilotic acid), 
and salicylic acid, as shown by their chromato- 
graphic separation, fluorescence, absorption spectra, 
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microbial metabolism of the end-ring of naphthalene 
is suggested as proceeding according to the pathway 
shown in Scheme 1. Naphthalene is first oxidized 
to the D-trans-dihydronaphthalenediol, which is 
normally dehydrogenated to 1 : 2-dihydroxynaph- 
thalene prior to ring fission, but in certain circum- 
stances (depending on the organism and cultural 
conditions) further oxidation to the toxic 1: 2- 
naphthaquinone occurs. Ring cleavage of 1 : 2- 
dihydroxynaphthalene is assumed to proceed through 
o-carboxy-cis-cinnamate, which is oxidatively decarb- 
oxylated to o-hydroxy-cis-cinnamate. The other 
related products identified in naphthalene cultures 
could arise by well-known biochemical reactions from 
this key intermediate, for example: (a) by B-oxida- 
tion salicylic acid, afterwards to be metabolized 
via catechol!*, (b) isomerization and reduction, 
o-coumaric and melilotic acids, afterwards to be 
metabolized by an unknown route. 

Our present information as to the pathway of 
oxidative microbial metabolism of anthracene and 
phenanthrene is shown in Scheme 2 after Rogoff 
and Wender®. End-ring attack may occur in an 
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analogous manner to that of naphthalene, through 
the cleavage of 1: 2-dihydroxyanthracene, and 
3 : 4-dihydroxyphenanthrene respectively. 

It will be a future task to elucidate the enzymology 
of this metabolic sequence, and to explore its 
relevance to the breakdown of polycyclic compounds 
in general. 

H. N. Fernley thanks the Agricultural Research 
Council for its support. 
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ETCHING OF RADIATION DAMAGE IN LITHIUM FLUORIDE 


By Dr. D. A. YOUNG 


Chemistry Division, Atomic Energy Research Establishment, Harwell 


ROM experiments on the coloration induced in 

potassium chloride by fission fragments allowed 
to recoil into the crystal, it was proposed’ that the 
unannealed recoil tracks consist of individual and 
aggregated lattice defects with trapped positive holes 
and electrons. During optical bleaching of the F-band, 
the F- and electron-excess centres aggregate to form 
R’-centres along the core of the damage produced by 
the recoiling fragment, and it was suggested that in 
respect of chemical properties, that is, precipitation, 
the recoil track is similar to a heavily jogged dis- 
location. 

The damage produced in ionic crystals by recoiling 
fission fragments from an external source has now 
been examined by another technique. It was argued 
that the thermodynamic potential of the crystal 
should be increased around those regions of the 
surface at which the fission fragments are injected, 
and that this should manifest itself in an enhanced 
rate of dissolution with respect to the undamaged 
crystal surface. That is to say, etch-pits should be 
formed as at dislocations. Accordingly, single crystals 
of lithium fluoride were cleaved along the {100} plane 
and fission fragments from a U,O,-film 1 mm. distant 
allowed to enter a portion of the crystal surface at 
room temperature. The crystals were then etched in 
the mixture of concentrated hydrofluoric acid (1 part) 
and glacial acetic acid (1 part) saturated with ferric 
fluoride, which was recommended for the purpose by 
Gilman and Johnstone*. After etching without 
agitation for between 1 and 42 min. at 12° C., the 
crystals were washed in absolute alcohol and dry 
ether, dried in a warm air current and photographed 
under oblique illumination in a Vickers projection 
microscope. 





The crystal illustrated in Figs. 1-4 was exposed 
to a total thermal neutron dose of 3 x 10° em.-?, 
which corresponds to a fission fragment dose of 
1 x 10’ recoils per cm.? of crystal surface. Etching 
times and magnifications are given in the legends. 
A general view of the boundary of the bombarded 
region is shown in Fig. 1 and an expanded view of 
part of the boundary is shown in Fig. 2 at an earlier 
stage of the etching. From this latter photograph it 
may be calculated that the etch-pit density is 8-9 x 
10° cm.-?, from which it appears that one etch-pit is 
formed for each fission fragment after allowance is 








Fig. 1. 


General view of the boundary of the bombarded region. 
32 min, etch. (x 60) 
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Fig. 2. Expanded view of a section of the boundary of the bom- 
barded region. 8 min.etch. (x 640) “ 
Fig. 3a. Electron micrograph of two typical pits. The replica 
was made of ‘Formvar’ shadowed normally with carbon and at 45° 
made for overlap. No new phenomena are introduced with palladium-gold. 1 min, etch. (x 13, 


as the density of fission fragments is increased to 
10'* cm.-*, and at no stage has any effect of the 
*Li(n,x)*H reaction been observed, though even in 
the photographed crystal some 108 n,« events cm.-* 
must have occurred within recoil range of the surface. 
Even heavily bombarded surfaces (10! fission frag- 
ments per cm.*) reveal no sputtering or surface 
structure before etching. So far as etching is con- 
cerned, the damage appears to anneal out completely 
between 450 and 500° C., as suggested by the results 
of Smallman and Willis’. There is no evidence of 
polygonization during gentler annealing treatments. 
When small (< ly), the etch pits grow more 
rapidly than when they are large, and commonly 
exhibit central depressions, as shown in the electron 
micrograph, Fig. 3a. Other electron micrographs, 
Figs. 3b and c, clearly show that the walls of the etch 
pits consist of finely spaced terraces and are not 
planar, the walls becoming steeper towards the centre 
of the pit. As the pits grow larger, the rate of linear 
growth is reduced. Two types of growth appear to 
be possible. Some pits remain fairly shallow over 
most of their area, but retain a central depression, Fig. 3b. Electron micrograph of a small pit, showing the terraced 
whereas others, in the minority, grow as deep regular faces. The cube directions are paralle) to the etch pit diagonals. 
square pyramids throughout their lives. Examples imin.oteh, (x 13,900) 
of both types of growth are shown in Figs. 2 and 4. 
We therefore propose that in the case of etching 
recoil tracks, the initial process is a rapid dissolution 
of highly disordered material at the centre of the 
track. This rapid dissolution permits the develop- 
ment of crystal faces which are not necessarily those 
of lowest surface free energy though they have the 
correct symmetry for the {100} face. Rapid dis- 
sclution continues until the etch pit exceeds the 
boundary of the track, when the normal crystal 
structure determines the rate of dissolution and the 
angles at which the etch pit faces meet the surface. 
It is also of general interest to note that damage 
which may be etched is caused even by fission frag- 
ments at the commencement of their tracks. This 
means that we cannot assume, as is often done for 
energetic charged particles, that simple ionization 
predorninates at the beginning of the track. Lattice 
displacements, albeit by mutual repulsion of highly 
ionized constituents, are important at the beginning a é 
of @ fasion fragment cae Fig. 3c. ee _ (wine eeo a terraced 
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Fig. 4. Optical micrograph of the bombarded surface after soaking 
for 42 min. in the unstirred etch solution. (x 1.260) 


If the above argument is qualitatively correct, the 
region of substantial lattice damage around the 
fission recoil track may reach a diameter of about 
5000 A. in lithium fluoride. We conclude from the 
absence of polygonization and the low energy input, 
which is insufficient to raise the temperature of the 
surface layers even by 0-1° C., that classical dis- 
locations are not formed in lithium fluoride by 
recoiling fission fragments and that we are dealing 
with linear regions of lattice damage, although in 
potassium bromide there is some evidence for the 
production of dislocations by this means. 

A further development of interest is noted after 
prolonged soaking without agitation of the bombarded 
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crystals in the etch solution. Fig. 4 is an optical 
micrograph (x 1,260) of etch pits developed in the 
unstirred reagent in 42 min. at 12° C. It will be 
seen that although some of the pits are regular 
square pyramids, others have developed a small 
number of pronounced steps. Similar pits have been 
observed by Whapham for etch pits originating on 
dislocations, and in explanation he has suggested that 
a dislocation inadvertently introduced during rough 
handling may become trapped at the centre of a flat 
pit formed at an earlier stage. This mechanism 
appears realistic in the case of flat-bottomed etch 
pits originating at dislocations which have after- 
wards moved on along a slip line, but can scarcely 
apply to pits originating at recoil tracks. 

Noting that small, rapidly formed etch pits show a 
regular terraced structure, we propose that these 
terraces are probably composed of {100} planes 
parallel to the crystal surface and {110} planes normal 
to the crystal surface. On prolonged soaking the 
relative areas of these planes become redistributed in 
favour of decreasing {110} area even in the absence 
of overall dissolution. According to the estimates of 
van Zeggeren and Benson‘, the surface energies, not 
allowing for surface polarization, are 832 and 169 
ergs cm.-* for the {110} and {100} faces, respectively. 
This is quite consistent with the view that a regular 
square pyramidal pit in contact with mother liquor 
is inherently unstable and will eventually break down 
into a large flat-bottomed pit containing a small pit 
at the centre. 

I am indebted to Dr. W. M. Lomer and to Dr. 
A. D. Whapham for useful discussions. Mr. J. A. 
Coiley took the electron micrographs. 

1 Young, D. A., A.E.R.E. C/R 2431. 

8 er J., and Johnstone, W. G., J. Appl. Phys., 27 (9), 1018 
2 Smallman, R. E., and Willis, B. T.M. Phil. Mag., 2 (20), 1018 (1957). 
“van Zeggeren, F,, and Benson, G. C.,.J. Chem. Phys., 26, 1077 (1957). 


EFFECT OF HYALURONIDASE ON CAPILLARY PERMEABILITY, LYMPH 
FLOW AND PASSAGE OF DYE-LABELLED PROTEIN 


By Dr. G. SZABO 


First Department of Medicine, University Medical 
School, Budapest 


CCORDING to previous reports!-* hyaluronidase 

seems to exert a distinct effect on the capillaries, 
increasing their permeability. This assumption, 
however, is not definitely proved. Hzmoconcentra- 
tion, increased loss of fluid and of injected dyestuff 
from the circulation produced by hyaluronidase can 
equally well be accounted for by intravascular pooling 
of blood plasma‘, 

Proteins leaving the circulation appear in the extra- 
vascular fluid. Tissue fluid, which forms the greater 
part of the extravascular fluid, can, under normal 
conditions, scarcely if ever be collected in sufficient 
amounts for analysis. Colloidal molecules entering 
the extracellular fluid also appear almost instan- 
taneously in the lymph. We hoped, therefore, to 
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obtain further information on the effect of hyaluronid- 
ase by investigating the composition and flow of 
lymph. 

All investigations were carried out on dogs under 
hexobarbital anzsthesia (0-1 gm./kgm.). In the first 
series we tapped the thoracic duct in the neck and also 
the cervical lymph trunks on both sides with plastic 
tubes. In the second series of investigations lymph 
was collected from the lymphatics of the liver and 
the small intestine. The dogs received 1,000 V.R.U. 
of bacterial hyaluronidase (Hyason Organon) intra- 
venously, followed immediately by 0-1 ml./kgm. of 
a 0-1 per cent solution of Evans blue, also intra- 
venously. Lymph was collected for three periods of 
15 min. each before the administration of hyaluronid- 
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Table 1. E¥FEcT OF HYALURONIDASE ON ARTERIAL BLOOD HEMATOCRIT AND TOTAL PLASMA PROTEIN 





After hyaluronidase (min.) 





Before 
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a 5-05 
(per cent) 
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15 30 60 









Arterial blood hematocrit (18 
cases) 
Total plasma protein (10 cases) 


ook 
ae ae 
Sea" 
cond 


eeRlox] 
sb eo 











46-7 46-7 47-1 46-4 <5 
7-20 6-23 6-23 6:50 
6-50 ; 6-27 6-22 > 90 
0-49 0-62 0-69 








Z, mean; 8, standard deviation. 


Table 2. E¥F¥FEcT OF HYALURONIDASE ON LYMPH FLOW 
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Time after hyaluronidase (min.) 





60-00 | 














0-15 15-30 30-60 
| Controls 
| mgm./min. mgm./min./per cent* mgm./min./per cent* mgm./min./per cent* mgm./min./per cent* 
Thoracic duct | 
n 8 8 | 8 8 8 8 8 8 isoit 
z | 463 1,113 + 145 769 | +70 589 + 45 619 + 53 | 
8 330 764 | 88 564 56 413 65 446 58 
- <O0-1 ~2 >5 <5 
Liver lymph | | 
n 10 10 10 10 | 10 10 10 10 9 
z 87 161 | + 88 113 | + 35 86 —-2 88 +2 | 
» 69 151 | 54 99 | 35 90 46 92 47 | 
P | < 0-1 ~1 | > 70 > 20 | 
Intestinal lymph | 
n 1l 11 | 1l 1l 11 | 11 11 11 1l | 
x 61 96 + 63 79 +29 | 63 +10 62 +4 | 
8 86 146 52 137 49 } 106 64 113 60 | 
P <1 | >5 ~ 60 ~ 40 | 























"* Percentage increase in lymph flow. 


n, Number of data available; z mean; s, standard deviation; P, percentage probability (Student’s ¢ test). 


ase end afterwards for four further periods; the 
first two of 15 min., the others of 30 min. Lymph 
flow, the concentration of Evans blue in lymph and 
plasma, arterial blood hematocrit, and the concen- 
tration of total protein in plasma and lymph were 
determined before and after administration of 
hyaluronidase. 

Hyaluronidase produced a small but significant 
rise of the arterial blood hematocrit in all experi- 
ments, but there was no significant change in total 
protein concentration of the plasma (Table 1). 

Lymph flow increased in all vessels investigated. 
Tho most marked increase of flow-rate was recorded 
in the thoracic duct ; there was also an increase of 
lymph flow from the liver and the intestines (Table 2). 
An analysis of the results showed that the increase 
of lymph flow was statistically significant if ex- 
pressed as percentage of that before administration of 
hyaluronidase. 

The disappearance of Evans blue from the circula- 
tion and the appearance of the dye in the lymph was 
enhanced by hyaluronidase. It has been shown that 
this dye is quite firmly bound to protein in vittro.’ 
and in vivo®.*. Therefore, we believe that the 


passage of dye from plasma to lymph marks that of 
the protein it labels. To confirm this assumption we 
investigated simultaneously the disappearance from 
the plasma and the equilibrium between plasma and 
lymph of Evans blue and dextran (mean molecular 
weight, 60,000) and also of human serum albumin 
labelled with iodine-13145.°, and found a good 
agreement between the different substances. The 
disappearance of the labelled protein was estimated 
by the following equation" : 
ie In (V,C,) — In(V,C;) 
- T, 

where k is the fraction of dye (labelled protein) 
disappearing from plasma per min. ; V, is the plasma 
volume before administration of hyaluronidase, V, 
the plasma volume 90 min. after administration of 
hyaluronidase, C, and C, the concentrations of dye 
in plasma and 7’, and 7’, the times of drawing the 
respective specimens of plasma. Hyaluronidase 
produced a definite increase in the amount of dye 
disappearing from plasma. In eighteen normal 
controls this was 0-00225 (standard deviation 
0-000827); after hyaluronidase administration (in 





Table 8. EFFECT OF HYALURONIDASE ON EQUILIBRATION OF LABELLED PROTEIN BETWEEN PLASMA AND LYMPH 









































a 
| 
| Thoracic duct Liver lymph Intestinal lymph 
Min. , | | } 
0-15 | 15-30 30-60 60-90 | 0-15 | 15-30 30-60 60-90 | 0-15 15-30 30-60 60-90 | 
: | | 
Controls | | | 
n 7 7 7 7 6 6 5 5 5 6 6 iii] 
z 15-4 35-1 43-6 60-1 16-0 34°5 45-4 60-0 78 28°8 54°5 69-2 | 
* 8-3 26-6 25-9 35-2 11-4 15°6 14:3 10-0 3-9 12-4 24°5 27-2 
Hyason 
n 8 8 8 8 9 9 9 8 8 8 8 8 
| = 51:3 63 -6 67-6 62-0 29°3 55-7 69-2 77-1 20-1 37-8 50-9 60-6 
s 20-0 11-4 14-2 13-9 20-9 23-7 21-1 16-0 12°3 15°5 16-6 17°9 
a* 3-63 2-63 2-18 0-13 2°58 2-09 2°50 2°37 2°62 1-20 0-31 0°10 
P <1 <5 5 | >90 w5 >5 m5 >5 <5 >20 >70 >90 








" * Behren’s d test. 






n, Number of cases; %, mean of percentage relative concentration of dye in lymph and plasma; s, standard deviation; P, percentage 


probability. 
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Table 4. EFFECT OF es ON THE PROTEIN CONTENT OF 
YMPH 























| Time after hyaluronidase 

| Before (min.) P* 

| 0-15 | 15-30 ; 30-60 | 60-90 

| Thoracic duct x 5-10 | 5°10 | 5:25 | 5-27 | 5-31 | >90 
(7 cases) 8 0-92 | 0:86 | 0-83 | 0-73 | 0-95 

Hepaticlymph 2z | 5-40 | 5-51 | 5°55 | 5-48 | 5-57 | >70 

(8 cases) 8 1-11 | 0-83 | 0-79 | 0-76 | 0-94 

| Intestinal va 

| lymph a | 4°53 | 4-71 | 4°87 | 4-97 | 4-84 | ~ 20 

| (7 cases) 8 0-82 | 0°76 | 0-51 | 0-84 | 0-59 

] 














z, Mean; 8, standard deviation. 
* All values after administration of hyaluronidase pooled. 


thirteen dogs) this rose to be 0-00333 (standard 
deviation 0-000655). The difference is highly signifi- 
cant (P<0-001). 

We also investigated the equilibrium of labelled 
protein between blood and lymph. As a convenient 
way of expressing the passage of labelled protein, the 
concentration of dye in the lymph was calculated as 
a percentage of the mean plasma concentration. 
Table 3 shows a significant increase of relative 
concentration in the lymph of all the vessels investi- 
gated. We were, however, unable to collect sufficient 
amounts of lymph for estimation of dye concentration 
in the cervical duct, but we gained the impression 
that cervical lymph also contains more dye after 
injection of hyaluronidase. 

Finally, there was a small non-significant increase 
in the total protein concentration in the lymph (Table 
4), 
This evidence, in agreement with the findings of 
other workers, leaves no doubt that the permeability 
of the capillaries is increased by hyaluronidase. 
There is not only an increased leakage of dye, but 
after administration of hyaluronidase the transfer of 
labelled protein between plasma and lymph is also 
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enhanced. Furthermore, there is a definite increase 
in lymph flow. All these findings point to an increased 
protein and fluid transfer from the capillaries to the 
extracellular fluid. The increase of capillary perm- 
eability is quite general and could be detected in all 
the areas studied. The effect of hyaluronidase is of 
short curation only. 

It is interesting that there were no significant 
changes in the total protein content of the lymph. 
The maximum concentration of Evans blue in the 
lymph was identical in the dogs receiving hyaluronid- 
ase and in the untreated controls. Although, in 
the short experimental period, equilibrium between 
plasma and lymph was not attained, towards the 
end of this period there was no significant difference 
of relative dye concentrations between the controls 
and the treated animals. These results point to the 
further possibility that a moderate increase of capil- 
lary permeability—in spite of a marked protein leak- 
age—does not necessarily increase the protein content 
of lymph, nor perhaps that of the tissue fluid. The 
protein leaving the capillaries, if it does not exceed a 
certain amount, can be cleared from the extracellular 
compartment by the increase of the lymph flow 
alone, without increasing the protein concentration in 
the lymph. 

1 Féldi, M., Ruszny4k, I., and Szabé, G., Orv. Hetil, 98, 107 (1949). 

* Elster, S. K., Freeman, M. E., and Dorfman, M., Amer. J. Physiol., 
158, 429 (1949). 

’ Elster, S. K., Freeman, M. E., and Anderson, P. R., J. Lab. Clin. 

Med., 34, 834 (1949). 

‘ Szab6, G., and Magyar, S., Acta Med. Acad. Sci. Hung., 8, 287 (1955). 

5 Szabé, G., and Magyar, 8., Acta Med. Acad. Sci. Hung., 10, 55 (1956). 

* Rawson, R. A., Amer. J. Physiol., 188, 708 (1943). 

7 Allen, T. H.,and Orahovats, P. D., Amer. J. Physiol., 161, 473 (1950). 

® Gree M. I., and Rawson, R. A., Amer. J. Physiol., 138, 698 

* Courtice, E. C., and Simmonds, W. J., J. Physiol., 109, 103 (1949). 

10 Szab6, G., Magyar, S., and Kertai, P. (in preparation). 
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GRAVIMORPHISM IN TREES 


Effects of Gravity on Growth, Apical 
Dominance and Flowering in Fruit Trees 


T has long been claimed by horticulturalists that 

downward training of the branches of fruit trees 
reduces vegetative growth and promotes flowering!-*. 
These reports suggest that the position of the shoot 
in relation to the gravitational field may affect 
growth and flowering, but there appear to have been 
very few rigorous investigations of these effects in 
trees. A detailed investigation of the effects of 
gravity on growth, apical dominance and flowering 
in fruit trees was accordingly commenced in 1956. 

The effect of the orientation of the shoot on its 
growth was investigated in apples, cherries, plums 
and blackeurrants, using ‘maiden’ trees planted in 
pots and restricted to a single shoot in the second 
year. The growth of trees maintained horizontally 
throughout the growing season was compared with 
that of the vertical controls for each species. The 
horizontal position was obtained by placing the whole 
plants and their pots horizontally. One group of 
horizontal plants was maintained with the same side 
of the plant uppermost throughout the period of 
treatment, while the plants of a second group were 
rotated through 180° twice each day. The treatments 


were commenced shortly before bud expansion in the 
spring. For watering, the horizontal plants were 
placed erect for 1-2 minutes, as required ; to elim- 
inate possible differential effects due to rain, the soil 
surface of the pots of the vertical series was covered 
with polyethylene sheeting. In order to maintain 
the experimental material as uniform as possible, 
all lateral shoots were removed as they emerged. In 
blackcurrant, there was a marked tendency for the 
outgrowth of laterals from the upper side of the stem, 
as has also been reported for citrus®>. The extension 
growth was measured weekly throughout the growing 
season and the mean total extension-growth for the 
various experimental groups is given in Table 1. 

In all species, the total growth of the horizontal 
trees was markedly less than that of the vertical 
controls, and the effect of the horizontal position was 
accentuated when the plants were rotated. In 
the cherries and plums the reduced total growth 
was due both to a smaller number of internodes and 
to reduced internode length, in the horizontal trees. 
In the apples and blackcurrants the difference in 
extension-growth was mainly due to differences in 
internode-length. Reduced hypocotyl extension in 
inverted seedlings of various species was reported by 
Hering‘. 
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Table 1. E¥¥rect OF SHOOT POSITION ON EXTENSION GROWTH 
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Table 3. EFFECT OF GRAVITY ON FLOWERING 




















Mean Mean Mean 
Species and treatment | No.of | extension inter- | No. of 
plants growth length | inter- 
} (cm.) (cm.) nodes 
Cherry, Mazzard F'12/1 | 
Horizontal, rotated 16. | H4s+14| 1 12 
Horizontal, non- . 
rotated 16 21:441°7 15 14 
Vertical 16 6183+4+2:1 . Teme | | 
a rootstock, | 
0. 3436 
Horizontal,rotated | 19 46-941-5 14 | 82 
Horizontal, non- | 
rotated 19 62°9+2-1 he Gee | 31 
Vertical 19 | 693421 | 21 | 33 
| | 








* Standard error. 


A number of experiments has been conducted to 
investigate the interaction between apical dominance 
and the effects of gravity, and the results of two such 
experiments are given in Table 2. In these experi- 
ments, one-year stool-bed layers of apple rootstock 
MM 111 were pruned back to a height of 24 inches, 
and the subsequent growth was restricted to the 
laterals from the uppermost three buds. The result- 
ing lateral shoots were trained as indicated. 

From the results it is apparent that the growth 
of all shoots is less when they are in a horizontal 
position as compared with the vertical, but the upper- 
most shoots show a greater percentage reduction 
when trained horizontally than do the lower shoots 
(Experiment 1). As a result, there is relatively little 
difference in growth of the three shoots when they 
are all trained horizontally, so that only slight apical 
dominance is manifested. On the other hand, when 
all the shoots are trained vertically, the greater growth 
of the uppermost shoots results in well-marked 
apical dominance. Thus, it appears that the apical 
dominance exhibited by the uppermost shoot is only 
manifested when it occupies a vertical position. 
Since the lateral shoots usually grow out at an angle 
removed from the vertical, this will tend to reduce 
their growth further and to accentuate the apical 
dominance of the vertical leader. 

The orientation of the shoot also has a marked 
effect on flower-initiation in apple rootstock No. 3436. 
None of the one-year maiden apple layers used in the 
experiment on extension-growth, described above, 
initiated flowers in 1956. The treatments were 
continued with the second year, however, and marked 
differences in flower-initiation were then observed. 
The 2-year-old layers grown in the normal vertical 
position initiated relatively few flowers, but the 
layers grown horizontally, both ‘rotated’ and ‘non- 
rotated’, showed heavy flowering on both ‘spurs’ of 
the 2-year shoots and also on the l-year shoots 


























Table 2. EFFECT OF GRAVITY ON APICAL DOMINANCE 

| } 

Lateral Shoot | No. of Mean extension 
No. | | Shoot. | plants growth (cm.) 
Exp.1 | 1st Vv | 66-2 + 26 
2nd V 12 58:44 3-4 
| 8rd V 50-2 + 3-1 
| 1st ey 42-442-0 
2nd H 12 406+1°6 
| 8rd ee 39-6 + 2:3 
| Exp.2 | Ist V | 440 420 
i | 2nd V 10 33°4 + 3-4 
| 3rd V 30-7 +15 
Ist | F | 49-2 + 7-2 
2nd a 8 26-8 + 2-3 
3rd H | 27-3+2-9 
* V, vertical; H, horizontal. 





























No. of flowering buds 
Species and treatment No. of 
plants 2-yr. shoots | 1-yr. shoots 

Apple rootstock No. 3436 

Horizontal, rotate 19 40 76 

Horizontal, non-rotated 19 63 98 

Vertical 19 1 4 
Cherry, Mazzard F12/1 

Horizontal, rotated 16 1 0 

Horizontal, non-rotated 16 19 0 

Vertical 16 0 | 0 

(Table 3). The vertical trees, instead of forming 


spur-shoots on the 2-year shoots, formed short lateral 
vegetative shoots. Thus, the orientation of the shoot 
in relation to gravity has a marked effect on flower- 
initiation in apple. Similar effects were observed 
also in cherries, although the number of flowering 
buds was much smaller than in apples (Table 3). 
Effects of gravity on flower-initiation have also been 
reported for pineapple’ and soybeans’. 

These effects of gravity on growth and flowering 
are clearly related to geotropism. Since, however, 
the latter term is used to describe a growth curvature, 
it is not strictiy appropriate for the phenomena 
reported here, for which it is proposed to introduce 
the term ‘gravimorphism’. 

The plant material for these investigations was 
supplied by East Malling Research Station, .the 
assistance of which in this respect is gratefully 
acknowledged. 

P. F. WaRrEIna 
T. Nasr 
Department of Botany, 

University of Manchester. 

1 Goldschmidt, V. H., and Delap, A. V., Fruit Year Book, 4, 55 (1950). 
* Chandler, W. H., “Deciduous Orchards”, second edition (Lea and 

Febiger, Philadelphia, 1951). 

? Champagnat, P., ‘‘The Pruning of Fruit Trees” (Crosby Lockwood 

and Son, Ltd., London, 1954) 

‘ Véchtung, H., “Uber Organbildung in Pflanzenreich”, 2 (Bonn 1884). 
5 Halma, F. F., Hilgardia, 1, 295 (1926). 

* Hering, G., Jahrb. Wiss. Bot., 40, 499 (1940). 

7 van Overbeek, J., and Cruzado, H. J., Amer. J. Bot., 35, 410 (1948). 
* Fisher, J. E., Science, 125, 3244 (1957). 


Effect of Gravity on Flowering 
and Shoot Growth in Japanese Larch 
(Larix leptolepis, Murray) 


PARALLEL with the investigation into the effects 
of gravity on growth and flowering of fruit trees', a 
series of experiments is also being carried out with 
forest trees. Species of Pinus, Larix, Fagus and 
Betula are being studied, but the present report deals 
chiefly with Japanese larch (Larix leptolepis, 
Murray). 

While for fruit trees there is a certain amount of 
evidence from the experience of horticulturalists that 
gravitational effects may be of importance, there is 
little suggestion in the literature that this applies 
also to forest trees. However, Matthews and 
Mitchell?, working on methods of training forest trees 
for heavy seed production, record that “nine-year-old 
Japanese and hybrid larch treated to form espaliers 
produced a great density of male and female flowers’”’. 

In order to investigate rigorously whether the 
actual position of the shoot relative to gravity 
influences the flowering of Japanese larch, an experi- 
ment was carried out in which branches were trained 
into horizontal and into downwardly directed posi- 
tions, an equivalent branch in the same ‘whorl’ being 
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left in its natural upwardly curving (‘upswept’) 
position as a control. In some cases a further branch 
was fixed in its existing position to prevent any 
tendency to sag during the course of the experiment. 
The treatments were applied between the end of 
March and the end of April 1957 to 2-—5-year-old 
branches on trees 10-12 years old which had not up 
to that time borne an appreciable number of flowers. 

By autumn 1957 the flower buds for 1958 were 
clearly visible, and it was found that out of 12 treated 
trees 10 showed more flowering in horizontal and 
particularly in downwardly directed treatments than 
in the controls, the difference being very marked in 
8 trees. As many as 200 flowers, mainly male 
but including some female, had been induced on 
some branches, compared with three or four flowers 
on the untreated branch. The remaining two trees 
did not flower at all, possibly because they were 
smaller than average. They are excluded from 
Table 1, as is one other tree which started flowering 
heavily in 1958 in any event. 











Table 1. EFFECT OF GRAVITY ON FLOWERING IN JAPANESE LARCH 
| | | | | 
i | | | | Branch 
Branch | | Branch fixed in 
fixedin | Control | fixedin | downwardly 
| existing | branch |horizontal| direct 
| position | (unfixed) | position | position | 
Total number of | | | 
flower buds 21 | 90 647 1,079 | 
| No. of branches | | 
involved | il 16 | 13 12 | 
Average number | 
of flower buds | | | 
| per branch | 2 | 5°5 50 ! 


90 | 





The flowering of young Japanese larch is thus 
markedly influenced by the position of the branches 
in relation to the gravitational field, the greater 
the branch angle (measured from vertically upwards) 
the heavier the flowering. In addition, the trees have 
been brought into heavy flowering at an age when 
they would normally bear few or no flowers. 

It seems probable that this ‘gravimorphic’ effect is 
important also in the normal reproductive develop- 
ment of larch. It is well known that in trees of 
many species the vigorously growing young branches 
are upwardly directed, generally growing out at an 
angle which is characteristic of both the species and 
the individual tree. With increasing age, the branch 
angle usually becomes greater so that the branch 
often comes to assume a horizontal or even down- 
swept position, no doubt partly or wholly due to its 
increasing weight. From the results of the foregoing 
experiment it seems clear that this natural change 
in branch angle will tend to favour the onset of the 
flowering phase in young trees. Further evidence in 
support of this view is seen in the fact that the 
unfixed control branches generally had appreciably 
more flowers than those branches which were fixed in 
their existing position at the beginning of the season. 
It was also noted that in trees with a naturally flatter 
type of branching, the unfixed controls . generally 
bore more flowers than in trees where the branches 
were very upswept. 

In addition to inducing flowering, the horizontal 
and downwardly directed training in the foregoing 
experiment markedly reduced extension growth 
during 1957. Table 2 gives the measurements for the 
leading shoots of the branches. 

Similar marked reduction in extension growth was 
produced in birch (Betula verrucosa, Ehrh.) by pulling 
down individual branches. 
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Table 2. EFFECT OF GRAVITY o* EXTENSION GROWTH IN JAPANESE 
ARCH 


(Means of 11 branches) 














| | Branch fixed 
| Control | Branch fixed |in downwardly 
} branch | in horizontal directed 
(unfixed) | position position 
Mean extension | 
growth of main) } 
branch axis | | 
(cm.) 2955 4+2-3* | 175415 | 140416 
As a per cent of | | | 
control branch 100 | 59-5 47-5 








* Standard error of mean. 


Gravity appears also to affect the distribution of 
flower buds on the individual larch twig. They may 
be seen to occur mainly on the lower sides of hori- 
zontally inclined twigs, and on all sides of the trailing 
twigs which are frequently found in this species. 
Now since the buds point forwards on the twigs at 
an angle of approximately 60—70° it would be expected 
that the flower buds on these horizontal and trailing 
twigs would point either downwards or horizontally, 
but not upwards. Quantitative verification of the 
observed distribution of flower buds can therefore be 
obtained by measuring the direction in which a large 
number of flower buds point in relation to gravity. 
Table 3 gives the results for two 5-year-old branches 
taken from trees which had recently commenced 
flowering. 




















Table 3. DISTRIBUTION OF MALE FLOWER BUDS IN RELATION TO 
GRAVITY 
Angle Branch 1 Branch 2 
Direction in (measured 
which buds from | No.of No. of 
point vertically flower Per flower Per 
upwards) buds cent buds cent 
Upwards 0° -223° ~~ -— — — 
up 223°-674° 1 5 3 
Horizontally | 67}°-1123° 48 30 49 31 
down 1123$°-1574° 7 47 82 52 
wnwards | 1574°-180° | 36 22 23 14 
| 163 100 159 100 


























It is seen that an average of 98 per cent of the 
flower buds point either downwards or horizontally. 
Although this confirms the observation that there is 
a clear-cut zoning of the flower buds to loci in which 
they will point downwards or horizontally, it is not 
yet clear whether the response of the bud is directly 
determined by its own orientation in relation to 
gravity, or whether it is determined by the position 
of the twig or branch system on which it occurs. 

In view of the generally accepted evidence that 
geotropic effects result from the differential distribu- 
tion of growth-hormone in response to gravitational 
stimuli, a similar mechanism for these ‘gravimorphic’ 
effects may be expected. This problem is heing 
investigated. 

This work was carried out with the aid of a grant 
from H.M. Forestry Commission, which also kindly 
supplied the trees for the experiments. Acknow- 
ledgments are especially due to Mr. J. D. Matthews 
of the Forest Genetics Section, who has been closely 
associated with this project. 

K. A. LONGMAN 
P. F. WAREING 
Department of Botany, 

University of Manchester. 

1 Wareing, P. F., and Nasr, T., Nature (preceding communication). 


. Marr). J. D., and Mitchell, A. F., Rep. For. Res., 1955-56, 58 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Polar Wandering, a Random Walk 
Problem 


Ir has often been supposed that due to redistribu- 
tions of mass the body of the Earth as a whole has 
shifted relative to its rotational axis, which has 
remained fixed relative to the Sun. It is convenient 
to think of this as movement of the pole over the 
surface of a fixed Earth. Since the Proterozoic the 
pole appears to have been displaced by as much as 
90° of arc to its present position. Orogenic or epeiro- 
genic movements and ice-cap melting or formation 
with the attendant fluctuations in sea-level. are 
usually cited as possible causes of polar wandering. 
Darwin' and Kelvin* first discussed the dynamic 
stability of the Earth. Gold* and Munk‘ have 
recently re-examined the problem and have concluded 
that such large displacements of the pole could be a 
consequence of such geological activities. 

The position of the pole may be obtained trom 
the average direction of remanent magnetization of 
rock formations when the hypothesis’ is made that 
the Earth’s magnetic field, when averaged over a few 
thousand years, has approximated to a geocentric 
axial dipole. It has been customary to connect these 
pole positions* by curves passing from the Pacific 
Ocean along the east coast of Asia to the position 
of the present pole. But since the geological events 
which may have been responsible for polar wandering 
have been irregular, both in their type and in their 
distribution and timing, they are likely to have pro- 
duced random polar movements. 
In this communication an attempt 80 
is made to fit the paleomagnetic | 
data to a random walk of the pole 70 + 
over the Earth’s surface. 

If the sampling area has under- 
gone continental drift, the polar 
wandering rate would have the 
drift velocity superimposed upon it, 
and both would be present in the 
paleomagnetic data. In this work 
the pole paths relative to Europe and 
North America have been used. be- 
cause their similarity in shape and 
direction suggests that neither con- 20 + 
tinent has been displaced in lati- 
tude relative to the other to any 10 
yreat extent, but it has to be borne 
in mind that errors may arise from 


50 - 


40 + 


30 F 


Angular displacement 
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where C? is the mean square of the individual steps 
in the walk and k is the number of steps per unit 
time. The mean value of the angular displacement 
at time ¢ is given by: 





w(y) = (1) 


| ¥ ww ay (2) 
0 

= 2y? —_— yp? \ 
cig, =P ( Om ) o (3) 


(4) 


and the mean value of the square of the displacement 
is C*kt. Thus is expected to vary linearly with 
(kt)'.? and points, the co-ordinates of which are (\), 1/2), 


3 mi /2 C(kt)*!2 


will be scattered along the line » = C(kt)!/2. The 
limits for } at a probability of 0-95 are: 
du = eyO(kt)' (5a) 
te = eeO(kt)*!2 (5b) 
where the factors ¢, and ¢, are given by: 
0-025 = exp (— e,?) 
and 
0-975 = exp (— ¢,?) 
respectively. Thus ¥ lies between the limits 1-92 


C(kt)!'? and 0-16 C(kt)!!* at P = 0-95. 

In Fig. 1 the displacements are plotted against 
the square root of time, the results from Western 
Europe and North America being indicated by full 
and open circles, respectively. The straight line 
through the origin which best fits these data by least 
squares is given by 


b = 3-002 


(6) 





rs s 





this souree. The simplest case of 
a random walk is that on a plane, 
and provided the individual dis- 
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placements are small and the total 
displacement does not greatly ex- 
ceed 90° of are it is not essentially 
different from a random walk on a 
sphere. 

The probability density w(}) that 
the pole will have an angular dis- 
placement } from the present pole 
at a time ¢ is given by : 


Fig. 1. The angular displacement of the pole from its present-day position is plotted 
against the square root of time in millions of years. The pole positions used are numbered 
as follows: 1, Miocene lava, France ; 2, Oligocene intrusives, France; 3, Eocene lavas, 
Northern Ireland ; 4, Triassicmarls, England ; 5, Permian traps, Exeter ; 6, Carboniferous 
millstones, Derbyshire; 7, Carboniferous toadstones, Derbyshire; 8, Devonian sand- 
stones, Wales; 9, Cambrian sandstones, Wales; 10, Upper Tertiary lavas, Washington ; 
11, Cretaceous sandstones, Colorado plateau; 12, Triassic sandstones, Springdale ; 
13, Triassic lavas, Holyoke; 14, Triassic lavas, sediments, Connecticut ; 15, Triassic 
sequence, New Jersey; 16-18, Permian Supai beds, Arizona; 19, Carboniferous sand- 
stones, Arizona; 20, Carboniferous concretion, Texas; 21, Silurian sediments, Maryland. 
The vertical lines thro’ the pole positions represent the error(at P = 0-05) in determin- 
ing the latitude. The European and North American results are indicated by full and 
open circles respectively 
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where ¢ is in degrees of arc and ¢ is in millions of years. 
The expected value of 3° of arc for the magnitude 
of the displacement of the pole in one million years 
is a useful quantitative value for other workers 
interested in the mechanism of polar wander. 

It is emphasized that since the movement of the 
pole may be considered to be a random walk, there 
will be, on one hand, periods during which there is 
effectively very little displacement of the pole (for 
example, the Quaternary) and, on the other hand, 
periods during which rapid displacement of the pole 
is in evidence (for example, Carboniferous’). 

This work was carried out while I was a research 
student in the Department of Geophysics of the 
Australian National University at Canberra, A.C.T. 
I wish to thank my supervisors, Prof. J. C. Jaeger 
and Mr. E. Irving, for their criticism and helpful 
discussion. 

R. GREEN 
Geophysical Section, 
Bureau of Mineral Resources, 
203 Collins Street, 
Melbourne. May 28. 
1Darwin, G. M., Phil. Trans. Roy. Soc., 167, 271 (1877). 
‘Thompson, W., “Math. and Phys. Papers’’, 3, 333 (Cambridge, 1890), 
‘Gold, T., Nature, 175, 526 (1955). 
‘Munk, W. H., Nature, 177, 551 (1956). 
‘Creer, K. M., Irving, E., and Runcorn, S. K., J. Geomag. Geoelec., 
6, 163 (1954). 
‘Creer, K. M., Irving, E., and Runcorn, S. K., Phil. Trans. Roy. 
Soc., A, 250, 144 (1957). 


*Clegg, J. A., Deutsch, E. R., Everett, C. W. F., and Stubbs, P. H.S., 
“Adv. in Phys.”, 6, 219 (1957). 


Secular Variation in the Direction of 
Geomagnetism as the Standard Scale for 
Geomagnetochronology in Japan 


Ir is well known that igneous rocks and ceramic 
objects are permanently magnetized in the direction 
of the Earth’s magnetic field in which they were 
cooled from a high temperature. I have already 
pointed out that the baked earth in the hearths of 
prehistoric dwelling pits would be 
magnetized similarly, and that this 
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method’, and for comparison the data from samples 
from sites far from Tokyo were reduced to Tokyo 
by Nagata’s procedure’. 

The samples can then be dated by comparing the 
direction of the remanent magnetism with a standard 
scale of the secular variation in the direction of 
geomagnetism in the past; thus it is essential to 
establish such a standard scale. This standard scale 
has been set up for the past 1,700 years and it is 
shown in Fig. 1. Encircled points indicate the geo- 
magnetic inclination and the geomagnetic declination 
at known dates, most of which were reported or cited 
by Nagata and Kato‘. Old records of geomagnetic 
observations gave the points 1613, 1694, 1802, 1827, 
1854, 1860, 1887, and the curves from 1887 to the 
present, while measurements of the remanent mag- 
netism of lava-flows dated by the descriptions of 
voleanic eruptions of 864, 1471, 1749, 1778 and 1779 
in old documents gave the other encircled points. 
Besides these, points 1 and 2 represent the direction 
measured by me for samples of baked earth from two 
kilns, the dates of which are almost certainly known 
from the type of pottery as about 1300. These gave 
the curve of inclination for the period from 864 to 
the present shown in Fig. 1; the curve was then 
extrapolated for the time before 864 on the assump- 
tion that the inclination underwent a secular variation 
similar to that estimated for the period after 864. 
On this curve were plotted the inclinations obtained 
from sixty-five sets of samples of baked earth from 
hearths, furnaces and kilns of various ages ; eighteen 
of these are shown as points 3-20. The declinations 
associated with these inclinations were then plotted, 
and the secular variation curve of declination shown 
in Fig. 1 was drawn so as to fit as many as possible 
of the points. The vertical lines at each point indicate 
the magnitude of the Fisher radius of the circle of 
confidence at the 5 per cent level. 

Three sets of samples which yielded points well off 
the curves have been ignored for the present. The 
two curves thus obtained seem to be reasonably 
accurate, since almost all the points are in general 





could be applied to developing 
chronology for anthropology and 
archeology!. The term ‘geomag- 
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netochronology’ may be defined as 
chronology from paleomagnetism. 

In Japan three kinds of sources— 
hearths, furnaces and kilns—offer 
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baked earth of various ages. A 
hearth is a simple fireplace made 
directly on the floor of a prehistoric 
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dwelling pit, a furnace is a struc- 
ture built up with sandy clay 
against the wall of a dwelling pit 
of the protohistoric and the historic 
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ages, while a kiln is an ascending 
tunnel-like structure built with 
clay on the slope of a hill, in which 
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ceramic wares were baked in his- 
toric times. 


Samples of small blocks of baked 
earth, generally about ten in num- 
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ber, were collected from each fire- 
place and the remanent magnetism 
was measured with an _ astatic 
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magnetometer. The mean direction 
of the remanent magnetism of 
each set was calculated by Fisher's 
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Fig. 1 
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Table 1 
Fisher’s | | 
No. of ee Inclination | = Radiocarbon date | 
samples | | I | P 0-05 | 
12 5-1° E. 492° | (3:3° | 4,546+220 BP. 
14 3-7° E. 50 -6° 1-2 | 
15 56° W. 48-2° | 2: . 5,100 + 400 B.P. 
20 61° W. | 48-9° 3-2 
ce Sec Ss SE ee DE PR Ses AA | 
chronologically consistent with archeological 
evidence. 


Although we have no specimens from before 864 
which can be dated from records, radiocarbon assay 
can be used instead. At present two such assays are 
available for prehistoric Japan. One is that made 
by Libby, of the University of Chicago, on charcoal 
found on the floor of a dwelling pit at the shell-mound 
of Ubayama in the Chiba Prefecture’. I collected 
samples of baked earth from the floor of this dwelling 
pit and measured their remanent magnetism. The 
other radiocarbon date was obtained by Crane, of 
the University of Michigan, from a canoe excavated 
from a peat formation at Kamo in the Chiba Prefec- 
ture*. In this case there was no baked earth at the 
site, but I used samples from hearths of three dwelling 
pits which contained the same type of pottery as that 
associated with the canoe. These were at the shell- 
mound of Minamihori in the Kanagawa Prefecture. 
The results are presented in Table 1. 

In 114 sets of samples of various ages during the 
past 6,000 years or so, the direction of remanent 
magnetism generally fell within the range 40—60° for 
the inclination, and 20° E.-30° W. for the declination. 
This suggests that the secular variation in the 
direction of geomagnetism for the past 6,000 years is 
similar to that estimated for the past 1,700 years. 
Assuming this, the most probable secular variation 
curves of the direction of geomagnetism for a time 
range covering 4,546 and 5,100 years before the pres- 
ent were tentatively drawn as in Fig. 2. On these 
curves the results of twenty-four measurements on 


NATURE 


August 9, 1958 VoL. 182 


baked earth from hearths fell in positions consistent 

with the chronological order known from the types of 

pottery associated with them. One result, however, 
was well off the curve. 
A detailed account of this work will be published in 

Journal of the Faculty of Science, University of Tokyo. 

My thanks are due to Prof. T. Nagata and the staff 
of the Department of Geophysics of the University of 

Tokyo, and Prof. Y. Kato of the Tohoku University 

for advice and assistance. 

NAOTUNE WATANABE 
Department of Anthropology, 
Faculty of Science, 
University of Tokyo. May 9. 

1 Watanabe, N., Jinbun-kagaku no Sho-mondai (Proc. Second Joint 
Meet. Eight Acad. Soc. Japan), 149 (1949); Rengo-taikai Kiji 
(Proc. Joint Meet. Anthrop. Soc. Nippon and Japan. Soc. 
Ethnol.), 6, 105 (1953) ; 7, 150 (1954) ; 10. 187 (1956); Kagaku, 
28, 24 (1958) (in Japanese). 

* Fisher, R., Proc. Roy. Soc., A, 217, 295 (1953). 

* Nagata, T., Bull. Earthquake Res. Inst., 21, 143 (1943). 


* Nagata, T., Bull. Earthquake Res. Inst., 21, 143 =. Kato, Y. 
and Nagata, T., Proc. Seventh Pacific Sci. Congr., 2, 562 (1953). 

5 Libby, W. F., Science, 114, 295 (1951). 

* Crane, H. R., Science, 124, 671 (1956). 


Measurement of the Thickness of the Earth’s 
Crust in the Albertan Plains of Western 
Canada 


As a contribution to the International Geophysical 
Year, a group composed of Canadian, American and 
British oil interests and independent geophysical 
contractors has recently carried out a large-scale 
seismic refraction experiment in order to measure 
the thickness of the Earth’s crust, or depth to the 
Mohorovitié discontinuity, in the Albertan Plains of 
western Canada. 

Fifteen seismic parties using refraction equipment 
were spaced at roughly uniform intervals over a 
distance of 130 km. and two-way observations were 
made from 900-lb. buried charges of dynamite located 
at the extremities of this range. The line extended 
approximately parallel to the frontal thrust of the 
Rocky Mountains, between latitudes 
50° 45’ N. and 51° 47’ N., and some 
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100 km. to the east of the thrust. 

For the upper crustal material re- 
corded as first events in both 
directions of shooting, the velocities 
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were about 3:5 and 6-0 km./sec. 
aq The first represents Cretaceous 
P shales and sands to a depth of 
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istic time-distance relation of a re- 
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energy content at a distance not less 
than about 100 km. where its velo- 
city is about 8-2 km./sec. This event 








0° has been ascribed to reflexions from 
the Mohoroviéié discontinuity am- 
plified by refractions from beyond 
the critical angle, and the time dis- 
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tinuity is computed to be about 36 km. However, the 
velocity of 6 km./sec. is not necessarily representative 
of the whole of the crustal material from the Palzozoic 
to the Mohorovitié discontinuity, and one would be 
justified in assigning a somewhat greater velocity than 
this in the depth calculation and thereby derive a 
greater depth. Taking a value of 6-3 km./sec. as an 
average of all published velocities for the crust under 
North America, the depth to the Mohoroviéié discon- 
tinuity becomes about 40 km. Furthermore, other 
distinct events with a velocity of about 7-2 km./sec. 
have been recorded, and if these are associated with 
refractions from the lower part of the crust, the depth 
to the Mohoroviéié discontinuity must be increased 
on this account. A re-computation, including the 
data from these events and adhering to the velocity 
of 6-0 km./see. for the upper layer, yields.a total 
depth to the Mohorovitié discontinuity of 47 km. 

The range of depths thus indicated (40-47 km.), 
suggests that the crust in the western Albertan plains 
is thicker than the 30-35 km. that has been generally 
observed in plains areas elsewhere in the world’. It 
appears that crustal thickening that could be expected 
under the Rocky Mountains extends east of the 
mountain front at least by 100 km. 

The 7-2 km./sec. layer which is inferred to lie at a 
depth of about 25 km. may be comparable with a 
7-0 km./see. zone observed at the same depth by 
Hodgson? in eastern Canada, and a 7-2—7-4 km./sec. 
layer noted at 20 km. in California and Nevada by 
Press*. The relatively weak waves refracted from 
this interface were observed as second events on our 
records. It is not likely that they could have been 
identified without multi-trace recording equipment 
of the type used in seismic prospecting which has 
been put to good account in the U.S.S.R.4. These 
observi.cions and others recently reported from 
Europe tend to support the existence of the discon- 
tinuity first inferred by Conrad’ and believed by some 
seismologists to represent an interface between 
‘granitic’ and ‘gabbro’ layers within the crust. 

It will be interesting to see how this result co-or- 
dinates with the seismic measurements made at the 
time of the Ripple Rock explosion, since one of the 
observation stations recording this explosion coincided 
with one of the shot points in the refraction experi- 
ment. 

A fuller account of this experiment will be published 
at a later date. 

T. C. Ricuarps 

Triad Oil Co. Ltd., Calgary, 

Alberta, Canada. May 30. 


‘Gutenberg B., in “Crust of the’ Earth”, Special Paper 62 (Geological 
. Society of America, 1955). 
: Hodgson, J., Dominion Observ. Pub., Ottawa, 16, 113, 169 (1953). 
Press, F., “Velocity Distribution in the Crust”, presented at Annual 
a Meeting, Amer. Geophys. Union, May 5, 1958 
Neytsman, P.S.,etal., ‘New Evidence for the Structure of the Earth’s 
Crust and Mountain Roots in Central Asia from Data on Seismic 
ee Sounding”, XIth General Assembly of 1.U.G.G. (Toronto, 
Oi). 
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Influence of the Semi-Permanent Low-Level 
Ocean Duct on Centimetre Wave Scatter 
Propagation beyond the Horizon 
_Stvce 1949, the Admiralty Signal and Radar 
Establishment has conducted a number of short-term 
investigations on the propagation of centimetric radio 
waves over sea, at ranges well beyond the radio 
horizon. Some details of this work have been given 
recently by Joy'*. It has been shown that, at 
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Fig. 1. -—-—--, Theoretical interference and diffraction curve for 


standard atmosphere. Transmitter aerial height, 60 ft.; receiver 
aerial height, 400 ft. 


frequencies of about 10,000 Mc./s., the extra-diffrac- 
tion signal-levels relative to free space are invariably 
some 10-15 db. lower than the corresponding levels 
at 3,000 Mc./s. at all ranges beyond the radio horizon. 
However, the signal attenuation-rate with distance 
is very similar at these two frequencies. The observed 
difference in signal-level is apparently inconsistent 
with available theories** of radio wave scattering in 
the troposphere, and Starkey et al.’ have suggested 
that it provides support for the alternative theory of 
layer reflexions from refractive index discontinuities 
in the lower atmosphere. 

A significant feature of this Establishment’s meas- 
urements of signal strength as a function of range at 
10,000 Mc./s. over sea paths is that there is a similar 
degradation in the overall level of the interference 
pattern relative to the free-space level at ranges 
approaching that of the radio horizon. Examples of 
measurements made in the North Sea during the 
spring of 1956 and in the English Channel in spring 
1957 are given by Joy?. Examples of further 
measurements made in the English Channel in the 
winter of 1957 and spring of 1958 are shown in 
Figs. 1, 2 and 3. 

Fig. 1 shows the interference pattern obtained with 
a shipborne transmitter aerial at 60 ft. and a land- 
based receiver aerial at 400 ft. above sea-level. The 
interference maxima which correspond to the lobes 
in the vertical coverage diagram at elevations greater 
than about 0-4° relative to the Earth tangent (ranges 
less than 12 nautical miles) attain the free-space level 
while the maxima corresponding to lobes at smaller 
elevations are depressed by about 12 db. below their 
theoretical levels. 

Figs. 2 and 3 show measurements made using a 
tand-based receiving equipment at 50 ft. and a 
10,000 Mc./s. airborne transmitter at 100 ft. and 
250 ft. above sea-level respectively. With the 
transmitter at 100 ft. the theoretical signal-level is 
approached at elevations exceeding about 1° (ranges 
less than 1 nautical mile) while for the 250 ft. run 
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theory to the extra-diffrac- 
tion signal at 10,000 Mc./s. 
the measured free-space 
level of the contributing 
lobes should be used in- 
stead of the theoretical 
value. When this is done 
there is no longer any 
marked discrepancy in sig- 
nal-level at long ranges be- 
tween 3,000 and 10,000 
Mc./s. observations. Since 
the energy diverted from 
the lowest lobes at 10,000 
Mc./s. reappears as an en- 
hanced surface-guided com- 
ponent it follows that, at 
ranges well beyond the 
radio horizon, a high-sited 
receiving aerial will detect 
only a degraded scatter sig- 
nal component, while a low- 
sited receiving aerial may 
detect a composite signal 
consisting of the degraded 
scatter component plus the 
surface-guided component. 
The relative contributions 
of the incoherent and co- 
herent components in the 
latter case will vary with 
short-term variations in 
the magnitude and inten- 
sity of the low-level duct, 
while the median level of 
the total signal remains 
substantially unchanged. 
Such behaviour has in fact 
been observed?. 

The normally experi- 
enced characteristics of the 
low-level duct do not per- 
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conions of interference maxima taking 
standard atmosphere). Transmitter oxtail height, 250 ft.; 


the elevation also exceeds about 1° (ranges less than 
2 nautical miles). 

The distortion of the vertical coverage diagram at 
low elevations results from the diversion of almost 
horizontally directed energy by the semi-permanent 
low-level ocean duct*. The energy diverted from the 
lowest lobes is guided near the surface of the sea 
well beyond the horizon. With receiving aerials 
sited relatively high, the surface-guided component 
of the signal beyond the horizon is not directly 
observable (Fig. 1). However, with relatively low 
receiving aerials, the surface-guided energy is clearly 
apparent (Figs. 2 and 3). Day-to-day variations in 
the observed signal are experienced as the magnitude 
aid intensity of the duct change. 

Since only the low-level lobes contribute to radio 
wave scattering in the lower troposphere, it follows 
that any diversion of energy from these lobes will 
result in correspondingly less power entering the 
volume common to the transmitter and receiver 
aerial beams and being scattered in the receiver 
direction. It follows, therefore, as suggested by 
Richards’, that for purposes of applying a scattering 


account of aerial vertical ‘polar diagrams (all for 
;{ receiver aerial height, 50 ft. 


Admiralty. 


signal fields observed over 
the sea are in good agree- 
ment with the theoretical predictions of scatter 
theory. The present work makes it clear that the 
scatter mechanism itself is equally effective at 10,000 
Mce./s., but that additional factors are involved in 
propagation over the sea beyond the horizon which 
may limit its effective exploitation. 

This work is published by permission of the 


F. A. KitcHeNn 
W. R. R. Joy 
E. G. RicHarps 
Admiralty Signal and Radar Establishment, 
Portsdown, Cosham, 
Portsmouth, Hants. June 13. 
1 Joy, W. R. R., Proc. Inst. Elect. Eng., Symposium Paper No. 2522 
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Determination of Traces of Oxygen in 
Sodium Metal by Infra-red Spectrophotometry 


THE principal methods for the determination of 
traces of oxygen in sodium metal are based on the 
titration of sodium monoxide after the metal has 
been amalgamated and the oxide filtered off!*; dis- 
tilled in vacuum‘; or allowed to react with an alkyl 
halide’. A 2 gm. sample of sodium metal containing 
50 p.p.m. oxygen contains 1-25 x 10-5 equivalents 
of sodium monoxide. In the alkyl halide method, the 
presence ofa 7 x 10 fold quantity of sodium bromide 
introduces difficulties in the determination of sodium 
monoxide by conventional volumetric methods. 
Elsewhere this difficulty has been discussed and a 
solution suggested’. The amalgam and distillation 
methods also suffer from some disadvantages asso- 
ciated with quantitative separation and subsequent 
estimation of the oxide. 
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Concentration of oxygen in sodium metal (p.p.m.) 


Fig. 1. Oxygen content of sodium metal by infra-red spectro- 
photometry 


The use of an infra-red pressed-disk technique’ 
with the alkyl halide method obviates difficulties 
associated with determinations of sodium monoxide 
in the range 5-100 p.p.m. in sodium metal. Following 
the reaction of the sodium metal with the alkyl 


.bromide®, the reaction mixture is dissolved in water 


and the unchanged oxide (now hydroxide) is con- 
verted into sodium bicarbonate by passing in excess 
carbon dioxide. The solution is then freeze-dried 
and the resultant powder heated at 400° C. for 
2hr. 1,500 mgm. of the sodium bromide-sodium 
carbonate mixture is then compressed to a clear disk 
by the usual technique’. Infra-red spectrophoto- 
metric analysis, using a Perkin Elmer model 21 infra- 
red spectrophotometer, shows absorption bands at 
4-00, 6-93, 11-38 and 14-194. The absorbance at 
11-381 due to sodium carbonate is not subject to 
any interference, and although Lambert’s law is not 
obeyed, from a standard curve (Fig. 1) the oxygen 
concentration in the original metal can be estimated 
with an accuracy of approximately 10 p.p.m. by 
weight, 

_ The infra-red procedure also opens the way for the 
Simultaneous determination of other impurities in 
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sodium metal provided that they may be converted 
quantitatively to compounds with absorption bands 
in the infra-red region. Full details of the above 
method will be reported elsewhere. 


H. J. pE Bruin 
L. E. SmytTuHE 


Australian Atomic Energy Commission 
Research Establishment, 
Sutherland, New South Wales. 
June 12. 
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A New Configuration of Deoxyribonucleic 
Acid 

Structures for deoxyribonucleic acid in the A 
and B configurations have been described!. They 
are compatible with X-ray diffraction data and 
embody the base-pairing hypothesis suggested by 
Watson and Crick*. The results we describe here 
strengthen our belief that no alternative stereo- 
chemical hypotheses could be used to build models 
in agreement with the data. 

We have observed a reversible transition between 
the B X-ray diffraction pattern of the lithium salt 
of deoxyribonucleic acid and a similar but distinct 
pattern we call C (Fig. 1). The transition from B 
to C is induced by lowering the relative humidity 
from 66 to 44 per cent. By slight alteration of the 
B model we have arrived at a model for C and 
accounted for the main differences between B and C 
diffraction patterns. The base pairs were moved by 
about 2 A. away from the helix axis, and tilted by 
about 5°; the pitch of the helix was altered so that 
there were 9-3 instead of 10 base pairs per turn. 





Fig. 1. Diffraction pattern of lithium salt of deoxyribonucleic 


acid in the B (left) and C (right) configuration 
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Fig..2. A preliminary model of the C configuration of deoxyribo- 
nucleic acid showing approximate projection of a nucleotide on 
planes perpendicular to the helix and diad axes. B is the helix 
axisin the B configuration 
In building a molecular model of deoxyribonucleic 
acid, there is considerable stereochemical freedom in 
arranging the components and there is, therefore, a 
small possibility that for any single configuration the 
agreement between observed and calculated diffrac- 
tion might be fortuitous. This possibility now seems 
much smaller, because of our ability to follow the 
transition between two closely related configurations. 
A full account of this work and that on the B 
configuration is being prepared. The work was 
greatly aided by computer time rade available by 
1.B.M. United Kingdom, Ltd., and I.B.M. World Trade 
Corporation. 
D. A. Marvin* 
M. SPENCER 
M. H. F. WILKINS 
Medical Research Council Biophysics Research Unit, 
King’s College, London. 
L. D. Hamitton 
The Sloan-Kettering Institute, New York. 
* National Science Foundation Predoctoral Fellow. 
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M. H. F., and Hamilton, L. D., J. Biophys. Biochem. Cytol., 3 
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2 Watson, J. D., and Crick, F. H. C., Nature, 171, 737 (1953). 


A Three-stranded Polyribonucleotide 
Structure 

Tue synthetic polymers, polyadenylic acid (A) and 
polyuridylic acid (U) interact strongly when mixed 
together in aqueous solution. Evidence for inter- 
action on mixing comes from many _ observations, 
including increases in viscosity, sedimentation co- 
efficient and molecular weight and decrease in ultra- 
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violet absorption!. The last phenomenon, referred 
to as a hypochromic effect, is observed in the re- 
verse fashion for deoxyribonucleic acid (P. Doty, 
private communication), that is, on thermal disrup- 
tion of the double chain helical molecule in solution 
there is a substantial increase (about 30 per cent) in 
the optical density. This parallel behaviour of 
deoxyribonucleic acid and the chemically related 
synthetic complex suggests that their structures may 
be comparable. Added weight to this view is given 


by X-ray diffraction pictures? which show remarkable - 


similarities between naturally occurring deoxyribo- 
nucleic acid and a synthetic fibre of polyadenylic 
acid/polyuridylic acid (AU) drawn from a solution 
containing equimolar portions of polyadenylic and 
polyuridylic acids. These facts have led Rich? to 
propose that the hydrogen bonding in the poly- 
adenylic acid/polyuridylic acid complex is of the 
same type as that observed between adenine and 
thymine in deoxyribonucleic acid. 

When the polyadenylic acid/polyuridylic acid 
complex is mixed in aqueous solution with varying 
proportions of polyuridylic acid, a maximum drop in 
the optical density is observed (under appropriate 
chemical conditions) when the two compounds are 
present in equimolar amounts*. Rich has suggested 
that this is due to the formation of a three-chain 
structure, containing one chain of polyadenylic acid 
and two of polyuridylic acid, and designated AUU. 
Furthermore it has been proposed that the original 
complex maintains its deoxyribonucleic acid-like 
structure and that the second chain of polyuridylic 
acid winds around the first two so as to form a triple 
helix. In such a structure the only way in which the 
second polyuridylic acid chain could form two strong 
hydrogen bonds with the complex is by hydrogen 
bonding from its O, and N, to the adenine N,, and 
N, respectively. Disregarding the details of Rich’s 
proposal for the moment, it is difficult to explain 
the spectrophotometric data other than by some sort 
of three-chain structure ; confidence in this type of 
structure is increased by the observation‘ of a similar 
hypochromic phenomenon in a different system of 
polynucleotides containing a 1:2 mixture of poly- 
adenylic and polyinosiniec acids (AIZ). Unfortunately 
X-ray diffraction pictures of these three-stranded 
complexes are not available and, consequently, it is 
difficult to evaluate molecular models. Aside from 
purely stereochemical considerations, however, there 
is new chemical evidence that may be important in 
judging possible three-chain structures, and I wish 
to propose a new structure of AUU to which I 
have been led by chemistry rather than by X-ray 
diffraction. 

The chemical evidence on which this new structure 
is based relates to Rich’s observation® that the 
divalent cation, Mg*+ or Mn**, not only accelerates 
the reaction AU + U-+-AUU but that it also 
complexes to the extent of one or two ions per three 
nucleotides. The problem of binding to nucleic acid 
by magnesium ions has been studied and reported 
elsewhere®:*, and the conclusion was reached that 
under appropriate conditions the ions* will react 
strongly with deoxyribonucleic acid at sites on the 
purines which contain configurations favourable for 
chelation. In particular, adenine in nucleic acid can 
chelate magnesium ions between the N,; and Nio 
positions of the purine, ring, but only when the plane 
containing the N,, amino-group is turned out of the 
plane of the purine, because of the steric interference 
to chelation offered by the amino hydrogens. (It 1s 
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possible that the amino hydrogens prefer to remain 
in the plane of the adenine because of the partial 
double bond character of the C,—N,, bond. In 
adenine hydrochloride the C,—N,, bond has a length’ 
of 1-27 A., corresponding to more than 50 per cent 
double-bond character. Unfortunately, adenine is 
not directly comparable with its hydrochloride, since 
the formation of a resonant hybrid with a C,—Ny,> 
double bond involves a separation of charge in the 
former. Thus one would expect the C,—N,, to have 
more double-bond character in the hydrochloride. 
It seems clear that there will be some shortening of 
the Cs—N,» in adenine over the single bond-length, 
but in view of our ignorance as to its exact amount 
it is most difficult to say how much stabilization 
energy will result from this partial double-bond 
character.) Applying this information to the AUU 
system we see that here there is one purine per three 
nucleotides and therefore one site per three nucleotides 
for strongly binding the magnesium ion. The 
binding of magnesium ions by adenine in AUU 
necessitates the destruction of one of the original 
hydrogen bonds between the polyadenylic acid/poly- 
uridylic acid double helix because of the required 
rotation of the N,» amino-group. Moreover, it will 
not be possible to make the hydrogen bonds between 
the second polyuridylic acid chain and the adenine 
suggested by Rich because the appropriate binding 
site on adenine is already occupied by the magnesium 
ion. 

These considerations have led to the investigation 
of possible alternative structures for AUU, which 
have two strong hydrogen bonds per nucleotide and, 
furthermore, can accommodate the magnesium ion 
in the chelating position on adenine. In so doing it 
has been found that there is only one way of com- 
bining the three nucleotides which is_ sterically 
feasible. The scheme of hydrogen bonding involves 
a complicated system of tilts of the planes of the 
bases and is shown in projection in Fig. 1 for a 
nucleotide triplet. The hydrogen bond distances, 
N—H .. . X, are given in the figure and in all cases 
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Fig. 1. Base pairing in three-stranded structure. The plane of 
adenine I is tilted about 44° relative to uracil I and about 37° 
relative to uracil II 
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the deviation’ of N—H . . . X from linearity is less 
than 20°. 

Based on this system of nucleotide hydrogen bond- 
ing, a three-chain right-handed helical structure has 
been built. This model has a unit translation along 
the helical axis of 4-2 A. and a twist of 36° per triplet 
to give an exact repeat every thirty nucleotide 
residues or every ten residues along one chain. The 
sequence of atoms in the phosphate sugar backbone, 
which has an average diameter of 19 A., runs in the 
same direction in all three chains. Adenine I and 
uracil I (see Fig. 1) are related by a diad axis and 
as a result the backbone in the two polyuridylic acid 
chains runs in the same sense relative to the base 
groups as it does in deoxyribonucleic acid ; but the 
sense in the polyadenylic acid chain is opposite to 
that in deoxyribonucleic acid. The planes of the two 
uracil bases are tilted only a few degrees from the 
perpendicular to the helix axis, whereas the plane 
of the adenine is tilted about 40°. The bond dis- 
tances have been determined to an accuracy of 
+ 0-15 A. and the bond angles are the same within 
+ 3° as those in the deoxyribonucleic acid B struc- 
ture*. The OH on the C, of the ribose has no short 
contacts in this model except those inherent in 
the ribose ring. The shortest contact (2-9 A.) 
observed is that between the ring oxygen of the 
sugar and the C, position on the uracils. However, 
this could probably be increased by further adjust- 
ment. Since so few short van der Waals contacts 
exist it would appear that a structure of this type is 
possible; but it should be emphasized that the 
dimensions of this model are arbitrary except for the 
specification of the hydrogen bonding between the 
nucleotides. 

Although the AII polymer (mentioned earlier as 
showing the same hypochromic behaviour as AUU) 
has not been closely examined with models, the same 
type of hydrogen bonding appears to be possible. 

It is interesting that the three-stranded structure 
for AUU proposed here involves molecular rearrange- 
ment in the original polyadenylic acid/polyuridylic 
acid complex prior to the attachment of a second 
chain of polyuridylic acid. The fact that the AUU 
complex does not form instantaneously in solution 
from a mixture of polyadenylic acid/polyuridylic acid 
+polyuridylic acid even under the most favourable 
conditions* must be due to the relatively high energy 
of the activated complex for its formation. The 
activated complex most likely involves a strained 
hydrogen bond between the adenine N,, and the 
uracil O, which is on the verge of breaking. Ii is 
easy to see that magnesium ions could lower the 
energy of the activated complex through the forma- 
tion of a chelate with adenine. This lowering of the 
activation energy by magnesium ions would account 
for the fact that the AUU complex, although stable 
in media of high ionic strength lacking divalent 
cations, nevertheless forms much more rapidly in 
their presence. 

The problem of deoxyribonucleic acid acting as a 
template for ribonucleic acid formation may be 
related to the structure of three-chain complexes of 
the type discussed here, and a specific coding mechan- 
ism, involving a three-chain complex as the template 
mechanism for making nucleic acids, has been pro- 
posed?®. 

I would like to thank my colleagues at this 
laboratory for the use of molecular models and for 
advice and criticism, and also Prof. P. Doty for dis- 
cussions on the solution chemistry of polynucleotides. 
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Note added in proof. X-ray pictures, on material 
containing a 1:2 molar ratio of polyadenylic and 
polyuridylic acids obtained in this laboratory on 
material given by R. F. Beers and R. F. Steiner, 
suggest modifications in the model described here. 
The X-ray pictures suggest that the unit translation 
along the helical axis be changed from 4-2 A. to 
3-86 A. and the twist of 36° per triplet be changed to 
about 41°. In view of these results and the desir- 
ability of obtaining van der Waals contacts between 
the planes of the base groups, it now seems more 
reasonable to tilt both adenine I and uracil IT about 
equal amounts (20°) and in the direction of the pitch 
of the helix. These preliminary results from X-ray 
diffraction necessitate more detailed consideration 
which will be presented elsewhere. However, it does 
not appear that there is any inconsistency with the 
chemical arguments presented here concerning the 
hydrogen bonding. 

GEOFFREY ZUBAY* 

Department of Physics, 

University of London, 
King’s College. 
May 23. 
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Vibrational Frequency associated with the 
Boron- Nitrogen Dative Bond in Amine 
Boranes 


RESEARCH in the chemistry of boron has been 
extremely active in the past few years and its Lewis 
acid-base complexes have been of particular interest. 
Although the boron-nitrogen dative bond is one of 
the most stable of such bonds to boron and occurs 
in a number of important boron compounds, the 
vibrational stretching frequency of this bond in the 
rather few cases studied has been assigned an 
unexpectedly high value. For example, in complexes 
of boron trifiuoride with ammonia! and nitrogen 
heterocycles?, frequencies lying in the range between 
980 cm.-! and 1,120 cm.-' have been assigned to this 
motion, in the complex of boron trimethyl with 
ammonia, a value of 1,105 cm.-! has been selected?, 
and in the complex of borane (BH;) with nitrogen 
trimethyl (N(CH;),;) a value of about 1,250 cm.-! 
has been given‘. By way of comparison, frequencies 
assigned to the covalent carbon-carbon bond in 
halogenated ethane derivatives, where the masses 
involved are comparable, range from about 820 cm.-! 
to 1,075 em.-!. It is, of course, not always a proper 
comparison merely to look at the magnitude of 
frequencies in complete disregard of other factors. 
Nevertheless, chemical data in this case would seem 
to indicate a lower range for the stretching frequency 
of the boron-nitrogen dative bond. 

We have just completed a Raman spectroscopic 
study of the 1: 1 complexes of borane with ammonia 
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Table 1. COMPARISON OF THE BORON-NITROGEN STRETCHING FRE- 

QUENCY IN IsOTOPIC DERIVATIVES OF AMMONIA BORANE 

Compound » (B-N) v/v V eles 
(em.~") 

H.N : BH; 785 == — 
H,N: BD, 737 0-94 0-95 
D,N : BH; 754 0-96 0-97 
D,N: . 708 0-90 0-91 
D,N : BD, 713 0-91 0-93 

















and the three methyl] amines, including several isotopic 
derivatives. The preparation of ammonia borane has 
been described recently® and the mono- and di-methyl- 
amine derivatives were prepared in similar fashion. 
The preparation of the trimethyl amine compound is 
well known. Spectra were obtained in solution in 
dimethyl ether or liquid ammonia at —40° C. The 
boron-nitrogen stretching frequency has been iden- 
tified unambiguously as a well-polarized band of 
medium intensity at 785 cm.-! in ammonia borane 
(H;N:BH,). Confirmation of the assignment is 
found in the results from the isotopic derivatives. 
As a first approximation, the NH, and BH, groups 
may be considered rigid and the ratio of the boron— 
nitrogen frequencies of two isotopic molecules should 
then be determined by the reduced masses of the 
pseudo-diatomic molecules. The appropriate mass 
ratios based on the hydrogen compound are compared 
in Table 1 with the frequency ratios observed. In 
none of the four cases is the deviation greater than 
about 2 per cent. The simple boron-nitrogen 
stretching-force constant calculated from the hydro- 
gen compound datum to this approximation is 2:79 x 
10° dynes/cm. 

In the case of the methyl amine derivatives, the 
band in question appeared with approximately the 
same intensity and depolarization characteristics but 
with decreasing frequency as the number of methyl 
groups on the nitrogen increased (Fig. 1). Exam- 
ination of the trimethylamine complex prepared 
using boron-10 in 96 per cent enrichment showed the 
assigned band at 667 cm.-! in the normal compound 
shifted to 676 cm.-! in the isotopic, whereas the 
previously assigned‘ band near 1,250 cm.- was found 
to shift only 2 cm.-', an amount nearly within the 
precision of the measurements. The earlier assign- 
ment thus appears doubtful, particularly since the 
1,250 cm.-! band is weak in the Raman effect. 
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Fig. 1. The vibrational stretchirg frequency associated with the 
boron-nitrogen dative bord in some amine boranes 
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The spectral range within which the boron-nitrogen 
frequency was found in the present investigation is 
in good agreement with the frequencies available for 
other dative bonds to boron in complexes of borane 
with ligands such as carbon monoxide, phosphorus 
trifluoride and dimethyl] ether. 

A more complete presentation of the results will 
be published elsewhere. This research was sup- 
ported by the Aeronautical Research Laboratory, 
Wright Air Development Center, Air Research and 
Development Command, U.S. Air Force, Wright- 
Patterson Air Force Base, Ohio. 

R. C. Taytor 
C. L. CLurr 
Department of Chemistry, 
University of Michigan, 
Ann Arbor, Michigan. 
June 21. 
1Goubeau, J., and Mitschelen, H., Z. phys. Chem., 14, 61 (1958). 
Keer a Mootz, D., and Radwitz, F., J. Pract. Chem., 277, 242 

Sehme. J.,and Becher, H. J., Z. anorg. allgem. Chem., 268, 1 (1952). 

ie ‘ion R. J., and Lehmann, W. J., J. Phys. Chem., 61, 


‘Shore, S. G., and Parry, R. W., J. Amer. Chem. Soc.. 80, 8 (1958). 


Molecular Structure of cyclo-Octatetraene 


AN investigation of the nuclear magnetic resonance 
absorption spectrum of solid cyclo-octatetraene has 
been made with the object of obtaining information 
about its molecular structure. Previous determ- 
inations of the molecular structure of cyclo-octatetra- 
ene have used the techniques of infra-red and 
Raman spectroscopy, and of electron diffraction. 
The results have been explained in terms of three 
different molecular models: (1) the ‘crown’ (D,) 
structure with alternate double and single bonds! ; 
(2) the ‘crown’ (D,qg) structure with equivalent 
bonds? ; (3) the ‘tub’ (D,g) structure with double and 
single bonds*. Subsequent investigations have 
supported one or other of these models, but with no 
real agreement as to which is the most likely structure. 
Theoretical predictions of the vibrational spectra and 
diffraction patterns of these three molecular con- 
figurations show little difference. 

In certain cases, information obtained from a study 
of the nuclear magnetic resonance absorption spectrum 
can give valuable information distinguishing between 
various proposed molecular models. Accordingly the 
second moment of the proton resonance absorption 
line was measured at a temperature close to the 
melting point. The mean value obtained was 
7-9 + 0-2 gauss*. This has to be compared with the 
theoretical values calculated for each of the three 
different configurations. The expected second moment 
was also calculated for the simple planar model with 
equivalent bonds, although the above results showed 
that this was a very unlikely possibility. The results 
are shown in Table 1. 

The C—C and C=C bonds were taken as 1-54 A. 
and 1:34 A. respectively. The equivalent C—C bond 

















Table 1 
Mol | Second moment of absorption lineshape in gauss* 
Molecular | 
ba ture | Intramolecular | Intermolecular Total 
| D 2-38 7°75 10-13 
| Daa | 1-99 7-05 9-04 
| Dra | 2-99 5-00 7-99 
hae 5°75 5-47 11-22 
Re fs | 
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was taken as 1-42 A., being 2 per cent greater than 
the corresponding bond-length in benzene, as sug- 
gested by Bastiansen et al.*.. The D, and D,q struc- 
tures were assumed to have angles of 125° between 
the carbon bonds, the D,q structure 120° between 
these bonds and the plane molecule, being in the 
form of a regular octagon, angles of 135° between the 
carbon bonds. The C—H bond-length was taken as 
1-07 A. for the D, and D, 4 structures and as 1-08 A. 
for the D,q and planar structures. The intermole- 
cular contribution to the second moment (due to 
interactions between protons in different molecules) 
was calculated on the basis of the orthorhombic 
crystal structure found by Kaufman, Fankuchen and 
Mark‘, with reasonable assumptions regarding the 
orientation of the molecules in the cell. 

Comparison of the experimental and theoretical 
values for the second moment indicates that the 
‘tub’ D,q structure is the most probable one for 
cyclo-octatetraene. The D,qg structure gives a second 
moment which is more than 1 gauss? too large, but it 
must be mentioned that the intermolecular contribu- 
tion to this second moment amounts to 78 per cent of 
the total. This is the least accurate part of the calcula- 
tion because of the assumption made regarding the 
orientation of the molecule in the unit cell. There is, 
therefore, some uncertainty in the value 7-05 gauss? 
for the intermolecular part of the second moment, 
but it is not thought to be so large as to reduce this 
value by as much as 1 gauss*. 

The D.q structure for cyclo-octatetraene has recently 
been confirmed using highly refined electron diffrac- 
tion techniques by Bastiansen, Hedberg and Hedberg’, 
reported after the completion of the present work. 

The cyclo-octatetraene was kindly supplied by the 
British Oxygen Research and Development, Limited. 


I. J. LAWRENSON 
F. A. RusHwortH 


Department of Natural Philosophy, 
St. Salvator’s College, 
University of St. Andrews. 
June 11. 


1 Lippincott, E. R., and Lord, jun., R. C., J. Amer. Chem. Soc., 68, 
1868 (1946). 

eee sy O., Hassel, O., and Langseth, A., Nature, 160, 128 

*Flett, M. S. C.. Cave, W. T., Vago, E. E., and Thompson, H. W., 
Nature, 159, 739 (1947). 

‘Kaufman, H. S8., Fankuchen, I., and Mark, H., J. Chem. Phys., 
15, 414 (1947). 

5 Bastiansen, O., Hedberg, L., and Hedberg, K., J. Chem. Phys., 17. 
1311 (1957). 


Use of Molecular Sieves in Gas Chrom- 
atography for the Determination of the 
Normal Paraffins in Petroleum Fractions 


TuHE use of Linde molecular sieve 5A in conjunction 
with gas chromatography'-* offers considerable 
promise as a means of determining n-paraffins in 
hydrocarbon mixtures. Recently, Brenner and 
Coates‘ reported the application of this technique to 
the identification of n-paraffins in the C, to: 
(gasoline) range. We have successfully used it in 
a higher molecular weight range, namely, for the 
determination of the n-paraffin content and distri- 
bution in kerosines and gas oils. Since this may 


also be of general interest our method will be out- 
lined here. 

The saturated fraction of the kerosine or gas oil 
was separated by liquid-solid chromatography and a 
portion run through a 2-metre gas chromatographic 
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Fig. la. Chromatogram of a kerosine saturated fraction showing the n-paraffin peaks, 

Sample size, 13 wl.; column, 200 cm. x 6 mm. internal diameter, 26 per cent silicone 

grease E301 on 30-60 mesh ‘Sil-o-cel’ furnace brick; column temperature, 164° C. ; 

katharometer temperature, 170° C.; carrier gas, hydrogen; outlet pressure, 
atmospheric 
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Fig. 16. Chromatogram of the same kerosine saturated fraction after removal of 
the normal paraffins by a pre-column containing Linde molecular sieve 5A. 
Sample size, 1341. ; column, 11 cm. x 6 mm. internal diameter, 1-6 per cent squal- 
ane on 30-60 mesh molecular sieve 54; 200 cm. x 6 mm. internal diameter, 
26 per cent silicone grease Z.301 on 30-60 mesh ‘Sil-o-cel’ furnace brick; column 
temperature, 164° C.; katharometer temperature, 170°C.; carrier gas, hydro- 
gen; outlet pressure, atmospheric 
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column packed with 30-60 mesh 
‘Sil-o-cel’ firebrick coated with 26 per 
cent by weight of silicone grease 
£ 301 (Imperial Chemical Industries). 
The type of chromatogram obtained 
for a kerosine fraction at a column 
temperature of 164°C. is shown in 
Fig. la. The normal paraffin peaks 
have been shaded to show how they 
are superimposed upon and only par- 
tially separated from the other satur- 
ated hydrocarbons. A pre-column of 
11 cm. length packed with 30-60 
mesh Linde molecular sieve 5A 
coated with 1-6 per cent by weight of 
squalane, to prevent tailing effects, 
was now attached to the main column 
and maintained at 150°C. A further 
similar portion of the saturated frac- 
tion of the kerosine was run through 
this dual column and a second chrom- 
atogram obtained (Fig. 1b) free from 
the normal paraffins which were re- 
tained by the molecular sieve. The 
difference in area between the two 
chromatograms was a measure of the 
normal paraffin content, and the 
amount of each individual normal 
paraffin was similarly obtained from 
the difference in peak area at the 
respective normal paraffin elution 
times on the two chromatograms 
when using hydrogen as the carrier 
gas with a thermal conductivity de- 
tector. Typical results obtained are 
shown in Table 1 and the total nor- 
mal paraffin contents are compared 
with those obtained by a liquid phase 
separation with molecular sieves. 
The molecular sieve pre-columns 
have retained their capacity to 
adsorb the normal paraffins from 
at least 30 kerosine samples rep- 
resenting approximately 85 mgm. 
of adsorbate. It seems that the same 


technique could be applied to the original kerosines 


prong or gas oils and indeed to any hydrocarbon mixture 

| which can be separated by gas chromatography. 

bidiniei usiinat Test blend | Recently, promising results have been obtained with 

paraffins | Waxes containing normal paraffins as high as C4, 

rr oa cee using nitrogen carrier gas and a 0-6 m. column with a 

Percentage position| 10 cm. pre-column containing the molecular sieve. 
by volume Actual| from As squalane could not be used to reduce tailing at 


com- gas- 


ato- 











Total n-paraffin 




















1 2 3 4 5 | posi- | liquid high temperatures it was found that this effect could 
tion | chrom-| be eliminated by maintaining the pre-column at a 
graphy temperature of 320° C. while the main column was 
aaa ————|__ operating at temperatures in the range 270-300° C. 


by molecular I wish to thank the Directors of Shell Research 
= ot ete bas Ltd., for permission to publish this communication, 
Total n-paraffin and Miss P. M. Higham and Mr. J. B. Shortall, who 
oo have taken part in the work described. 
Individual rryali Roskc iieesti Manse? ils B. T. Wurrnam 
pareaine ° Shell Research Limited, 

Cr Trace ot Pe Trace se gto — Thornton Research Centre, 
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Swift Combustion of Organic Compounds 
for Analysis 


A NOVEL apparatus has been designed for rapid 
combustion of organic compounds, including volatile 
ones, for analysis (Fig. 1). A closed system is used, 
as by Mikl and Pecht!, and Schéniger**, while 
retaining platinum contacts as used by Pregl‘ and 
the usual method of taking samples. 

The apparatus (patent applied for by Lough- 
borough Glass Co., Ltd., Loughborough) consists of a 
quartz bulb V, equipped with a B24 joint opposite a 
combustion U-tube C7, the limbs of which are 
sufficiently close together to allow heating by a single 
flame. The flask is connected via joint B24 to syphon 
tube 7 in reservoir R, which can be closed with 
stopper B19 in a socket extended into a funnel F. 

To carry out the cv.abustion, the apparatus is 
flushed with oxygen. A sample between 3 and 7 mgm. 
is weighed, solids in boats and liquids in capillaries. 
The sample in its container is placed in a glass tube, 
one end of which is held against one orifice of tube 
CT, while the container is pushed forward with a 
glass rod. Capillaries are placed in tube C7’ with 
the open end forward. Volatile compounds are cooled 
by placing solid carbon dioxide externally over the 
sample. In the same way contacts C are inserted 
on both sides of tube C7’. Reservoir F is half-filled 
with absorption solution, and attached to bulb V, 
a wetted ‘Teflon’ sleeve 7'S being slipped over the 
stopper, which is held by springs. Two asbestos 
sheets, Asb, are arranged over combustion tube CT’. 
The platinum contacts C are then heated by burner B. 
Excess oxygen will escape freely through the absorp- 
tion solution. When burning volatile compounds, 
solid carbon dioxide is kept over the sample until 
the contacts are glowing. Then reservoir F is closed 
with stopper B19, and combustion of the compound 
carefully started using a microburner. The rate of 
volatilizing can be assessed by the speed of bubbles 
escaping tube 7’. Combustion is completed by heating 
the whole length of tube CT’ with a second burner. 
The apparatus is left to cool, or cooled rapidly using 
adamp cloth. Funnel F is filled with distilled water 
and stopper B19 carefully lifted until the water is 
sucked in. The contents are shaken. Funnel F is 
filled again with distilled water and this procedure 
repeated four times. The absorption tube and con- 
tacts are removed, rinsed quantitatively, and the 
contents of the flask transferred to a container 
according to the analysis required. Many methods 
described in the literature will be found suitable for 
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Table 1 

Percentage chlorine 
Compound Sample 

(mgm.) Cale. Found 
Carbon tetrachloride 3-230 92-19 92-23 
3-600 92-26 
3-662 91-79 
4-072 92-59 
Chloroform 3-150 89-10 88-71 
3-857 88-70 
3-022 89-38 
4-070 88 -61 
Hexachlorobenzene 4-402 74°70 74-64 
4-559 74°88 
4-776 74-46 
5-190 74-57 
p-Chlorobenzoic acid 5-870 22-65 22-53 
4-540 22 -76 
6-571 22-77 
4-053 22-68 




















the determination of halogens and sulphur in that 
solution. 

Results obtained by analysis of chlorine, using the 
combustion procedure described, followed by potentio- 
metrical titration with silver nitrate by Clark’s 
method’, are given in Table 1. Results for other 
halogens, sulphur and possibly phosphorus will be 
published later in detail. 

My thanks are due to Miss P. Johnson and Mrs. 
V. Taylor for most efficient assistance, to Mr. Evens 
for skilful work in making this apparatus, to Mr. 
Lambie for encouragement throughout, and to the 
Directors of Fisons Pest Control, Ltd., for permission 
to publish this communication. 

IrmearD K. H. OTTER 
Chesterford Park Research Station 
(Fisons Pest Control, Limited), 
Nr. Saffron Walden, 
Essex. 
June 20. 


1 Mikl, O., and Pecht, A. J., Chem. Listy, 47, 904 (1953). 

2 Schéniger, W., Mikrochim. Acta (Wien), 123 (1955). 

’ Schéniger, W., Mikrochim. Acta (Tagung), 47 (1955). 

Michie 7 ta F., “Quantitative Organic Microanalysis” (Churchill, 


. Clark. J., “Quantitative Methods of Microanalysis” (Butterworths, 


Some Complex Cyanides of Rhenium 


SEVERAL attempts have been made to prepare 
complex rhenium cyanides, but invariably these have 
resulted in mixed compounds. For example, in 1932 
Turkiewicz! obtained K,{[ReO(CN),OH], and later 
Morgan* prepared K,[ReO(CN),]; Klemm and 
Frischmuth* and Morgan and Davis‘ described the 
preparation of K,[ReO,(CN),]. A rhenium carbonyl 
cyanide anion [Re(CO),(CN),]- was reported by 
Hieber and Schuster’. The only evidence in the 
literature for the existence of a true complex rhenium 
cyanide comes from polarographic studies*.’. 

We report the preparation of the binary complex 
rhenium octacyanides, potassium octacyanorhenate- 
V, K,Re(CN)., and potassium octacyanorhenate-VI, 
K,Re(CN);. With the exception of the well-known 
molybdenum and tungsten compounds, these are the 
only eight-co-ordinate cyanides, so far reported, and 
the first eight-co-ordinate. rhenium compounds. 

When potassium hexa-iodorhenate-IV, K,Rel,, is 
added to potassium cyanide in methanol, the octa- 
cyanorhenate-V is formed as a brown precipitate. 
Found: Re, 34:4; K, 21:9; C, 18-6; H,O, 3-3. 
Required for K,Re(CN),-1H,O: Re, 35-1; K, 22-1; 
C, 18-1; H,O, 3-4. 
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Potassium octacyanorhenate-V dissolves in water 
to give a stable yellowish-brown solution which yields 
the free acid when passed through an ion exchange 
column. 

When concentrated nitric acid is added to potas- 
sium octacyanorhenate-V solution, a reddish product 
can be isolated which shows a peak in its infra-red 
spectrum at 1,875 cm.-!, a value which is assigned to 
the NO stretching frequency. Treatment of potassium 
octacyanorhenate-V solution with concentrated hydro- 
chloric acid yields a purple solution. A potassium 
salt cannot be isolated from this solution, but 
addition of hexamine cobaltic chloride gives an 
insoluble purple precipitate which is hexammine 
cobaltic octacyanorhenate- VI, [Co(NH3).].[Re(CN).]s, 
the cobalt hexammine salt of the [Re(CN),]= ion. 
Found : Co, 7:8; Re, 36-0. Required for [Co(NH;)¢]. 
[Re(CN),],: Co, 7-8; Re, 36-5. 

The infra-red spectrum of potassium octacyano- 
rhenate-V in ‘Nujol’ mull shows three cyanide-stretch- 
ing frequencies at 2,140 cm.-!, 2,110 cm.-! and 2,050 
em.-1, very similar to the infra-red spectra of the 
molybdenum and tungsten octacyanides*. The spec- 
trum also shows a sharp peak at 780 cm.-!, which 
may be either a Re—C stretching mode or a C=N 
wagging mode. 

Potassium octacyanorhenate-V is diamagnetic. 
The oxidation from rhenium-IV to rhenium-V during 
the preparation is of some interest. Considering an 
octa-co-ordinate cyanide complex for rhenium-IV, of 
the three d-electrons two may enter the non-bonding 
stable 5d-orbital which is unused in o-bonding ; the 
third, however, would have to enter a high-energy 
orbital, most likely one of the anti-bonding o-orbitals, 
from which it is readily lost. 

The hexammine cobaltic salt of the octacyano- 
rhenate-VI ion is paramagnetic with a magnetic 
moment of 2:0 Bohr magnetons. 

A detailed account of this work will be published 
elsewhere. 

One of us (R. C.) thanks the Atomic Energy 
Authority for a student maintenance grant and 
research expenses. 

R. CoLton 
R. D. PEAcockK 
G. WILKINSON 


Inorganic Chemistry Research Laboratories, 
Imperial College, London, 8.W.7 
June 18. 
1 Turkiewicz, E., Rocz. Chem., 12, 589 (1932). 
* Morgan, G., J. Chem. Soc., 568 (1935). 
* Klemm, W., and Frischmuth, G., Z. anorg. Chem., 230, 215 (1937). 
* Morgan, G., and Davis, G. R., J. Chem. Soc. , 1858 (1938). 
* Hieber, W., and Schuster, L., Z. anorg. Chem., 287, 218 (1956). 
* Meier, J., and Treadwell, W., Helv. Chim. Acta, 38, 1679 (1955). 
” Lissner, A., Chem. Tech. (Berlin), 8, 603 (1956). 
* Brame, jun., E. G., Johnson, F. A., Larsen, E. M.,and Meloche, V. W., 
J. Inorg. Nucl. Chem., 6, 99 (1958). 


Moving Acid Boundary (pH Gradient) 
Paper lonophoresis of Bile Salts 


Meruops have been devised for the separation of 
bile acids and their conjugates with glycine or taurine 
using partition chromatography on columns}.? or 
paper®*, These methods, however, may confuse 


certain glycine conjugated acids with the uncon- 
jugated bile acids containing a greater number of 
hydroxyl groups‘. Thus ambiguous separations may 
result if unconjugated bile acids are also present 
in the mixture. 
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Free®.* and paper’ electrophoresis with a stationary 
pH gradient has been used to separate proteins on 
the basis of differences in their isoelectric points. We 
have applied ionophoresis with a moving acid front 
to separate bile salt mixtures utilizing the differences 
in acid dissociation constants. (The pK,’s of tauro- 
cholic, glycocholic and cholic acids are respectively 
1-4, 4-4 and 6-4). With this method, using a standard 
paper ionophoresis apparatus, a bile salt mixture can 
be separated into three groups: unconjugated bile 
acids, glycine conjugates and taurine conjugates. 

The cathode compartment contains 0-05 M acetate 
buffer, pH 4-8 and 0-03 M sodium chloride. The 
anode compartment contains 0-05 M monochloro- 
acetate buffer, pH 2-7, and 0-03 M sodium chloride. 
Up to 500 ugm. of the bile salt mixture is applied to 
a strip of Whatman No. 3 paper (6-5 cm. x 46 em.), 
15 em. from one end. The paper is impregnated 
with acetate buffer and placed in the ionophoresis 
apparatus with the point of application nearest the 
cathode chamber. The separation is carried out for 
16 hr. under a potential gradient of 5 V./cm. 

Initially at pH 4-8, the conjugated bile acids 
migrate together toward the anode, the weaker 
unconjugated acids being immobile. As the separa- 
tion progresses, the simultaneous migration of 
hydrogen ions from the anode compartment (the 
advancing acid front) represses the ionization of the 
glycine conjugates. These are consequently rendered 
immobile. The taurine conjugates continue to move 
through the acid front and are found near the anode. 
The glycine conjugates and the free acids are located 
near the middle of the paper and origin, respectively. 
Afterwards each area may be eluted, the substances 
separated, and identified by appropriate chromato- 
graphic procedure. 

The presence of buffered salt mixtures in the paper 
may seriously interfere with the location of the bile 
acids by the colorimetric reagents commonly em- 
ployed®. A reagent which has been found useful is 
3 per cent (w/v) vanillin and 15 per cent (v/v) phos- 
phoric acid in sec-butanol. 

This method has been used to separate mixtures 
of pure synthetic conjugated bile acids as well as 
crude mixtures of natural origin. The presence of 
unconjugated cholic acid in the latter has been 
demonstrated. 

The application of an effective pH gradient during 
ionophoresis promises to be of much use for the 
separation of compounds differing in their ionization 
constants as acids or bases. This method eliminates 
the necessity of conducting ionophoresis at two or 
more pH’s in order to identify, for example, carb- 
oxylic acids in the presence of phosphate esters. 


Tuomas BricGs 
MicHaEL W. WHITEHOUSE 
Ezra STAPLE 


Department of Biochemistry, 
School of Medicine, 
University of Pennsylvania, 
Philadelphia. 
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Experimental Chemotherapy of Tumours 
with Hydrogen Peroxide 


R. A. Houtman has reported! that a high percentage 
of rats bearing Walker carcinoma 256 were cured 
after drinking hydrogen peroxide instead of water. 
These findings were not confirmed by Green and 
Westrop?, nor by Ghadially and Wiseman’ using 
Walker carcinoma 256 and Sheffield RD/3 sarcoma 
in rats. We have repeated Holman’s experiment 
with some transplantable tumours of mice and rats. 


Table 1. ANIMALS AND TUMOURS USED IN THE EXPERIMENTS 


























No. of 
animals fed : 
| hydro- dis- 
| Group | Animals} Sex | Strain Tumours gen tilled 
| per- water 
| oxide 
ae | Mice F | Br* Transplantable 
solid car- j 
| cinoma of the 
| breast (G,) 25 25 
II | Mice F A Transplantable | 
adenocarcin- 
oma of the | 
breast (@,,) 0D 444.58 
Ill Mice F Br* Crocker 
sarcoma 15 15 
IV Mice F Hybrids | Ehrlich ascites 
carcinoma 14 14 
| V | Rats F Wistar Guerin car- 
| cinoma 8 8 
Rats M | Wistar | Guerin car- | 
| cinoma yee 
l | \ i 





* Inbred strains from our animal colony. 


One group of animals was given commercial 
hydrogen peroxide (diluted to final concentration of 
0:45 per cent in distilled water) to drink ; the other 
received distilled water. Both hydrogen peroxide and 
distilled water were supplied in dark bottles refilled 
every day. Both groups of animals received the 
standard diet used in our animal colony. 

In groups I, II, III and V (Table 1), treatment 
with hydrogen peroxide was started 7, 3, 14 and 19 
days respectively after implantation of grafts. In 
group IV (Ehrlich ascites carcinoma) treatment with 
hydrogen peroxide was started the day after trans- 
plantation. 

The rate of growth of the solid tumours was ex- 
pressed as a mean diameter, measurements of tumours 
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Days after transplantation 


Fig. 2. Ehrlich ascites sarcoma: gain in weight of mice on 
hydrogen peroxide compared with those on distilled water. 
Experiments performed on two groups of animals: group (a) had 
an average initial weight about 25 gm., group (b) about 18 gm. 
—@—, (a) and —O—, (6), hydrogen peroxide — treated ; 
—A—, (a), and — x —, (6), distilled water — treated 


being made two or three times,a week, using Schrek’s 
technique‘ as modified in our laboratory. In the 
case of Ehrlich carcinoma both groups of mice were 
weighed daily. In all cases the time of survival of 
the animals was noted. 

No significant effect of hydrogen peroxide on the 
rate of growth of tumours or on survival-time was 
observed in groups I, IIT and V. 
The results obtained with groups III 
and IV are illustrated in Figs. 1, 2 
and 3. 

As can be seen from Fig. 1, the 
rate of growth of Crocker sarcoma 
in mice fed on hydrogen peroxide 
was somewhat slower than in the 
control group. The regression of 
tumours in the treated group was 
not observed ; however, the growth 
of some tumours became stationary. 
The effect was responsible for the 
prolongation of survival-time in these 
animals (Fig. 1). When the ‘station- 
ary period’ ended, the rate of growth 
of the tumours of treated animals 
was almost as great as in control 
ones. This is well illustrated by the 
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Days after transplantation 
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Crocker sarcoma: survival time of mice pines | hydrogen peroxide (—O—) 
(—@—) and hydrogen peroxide — treated 
bain casi’ control (— x—) animals; size of tumours expressed as mean diameter of 

ir, averaged from tumours of animals living on a given day. The arrow indicates 
rt of treatment with hydrogen peroxide. Curve a, rate of growth of tumour in the 


rate of growth of a tumour in the 
mouse which had the longest sur- 
vival time (Fig. 1,qa). 

The rate of growth of Ehrlich 
ascites carcinoma, as expressed by 
the gain in weight of the animals, was 
diminished in the group treated with 
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hydrogen peroxide (Fig. 2), yet the treatment had no 
influence on the survival time of these mice (Fig. 3). 

From this work it is not possible to assess the 
activity of hydrogen peroxide per se against tumour 
growth, because of some uncontrolled experimental 
conditions. In particular, the intake of food and 
water must be taken into consideration. We noticed 
that the intake of hydrogen peroxide solution by 
treated animals was much smaller than the intake of 
distilled water by control animals. Diminished food 
intake followed by loss of weight in healthy rats 
drinking hydrogen peroxide as compared with rats 
supplied with tap water was observed by Ghadially 
and Wiseman’. It seems very probable that changes 
in nutritional conditions brought about by drinking 
hydrogen peroxide (diminished food intake, or direct 
action of hydrogen peroxide on some essential con- 
stituents of ingested food) may be causal factors 
sometimes mediating an inhibitory effect on certain 
kinds of tumours. 


M. CHoratzy B. KozoczEk 
A. GETTLICH E. MoLawKa 
L. Gora B. PENAR 

Z. SZWEDA 


Department of Tumour Biology, 
Institute of Oncology, 
Gliwice, Poland. 
1 Holman, R. A., Nature, 179, 1033 (1957). 
* Green, H. N., and Westrop, J. W., Nature, 181, 128 (1958). 
* Ghadially, F. N., and Wiseman, G., Nature, 181, 1067 (1958). 
‘ Schrek, R., Amer. J. Cancer, 24, 807 (1935). 


Anticholesterol Activity of «-Lipoic Acid 


A RECENT report in Nature’ concerning the ‘anti- 
cholesterol’ properties of «-lipoic acid has prompted 
communication of similar experiments in which 
different results were obtained. 

In our work two groups of male Dutch belted 
rabbits (A and B) were maintained on a diet con- 
taining 2 per cent cholesterol and 6 per cent corn oil 
fos two months. A third group (C) was kept as a 
normal control. One of these groups (B) also received 
daily intraperitoneal injections of 1 mgm. of «-lipoic 
acid, which represented 0-5-1 mgm./kgm. body- 
weight for the animals used. After eight weeks the 
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Table 1. AUTOPSY RESULTS FOR RABBITS FED WITH CHOLESTEROL 
Atheromata faverage) Liver weight Gain in | 
Group | No. Arch Thoracic (gm.) weight (gm.) 
A 10 2-10 1-25 93 219 
B 10 2-50 1-65 90 49 | 
Cc 5 0-00 0-10 63 449 
Table 2. SERUM OF RABBITS FED WITH CHOLESTEROL 
Average 
Group ihschaabenal Average lipoproteins (mgm./100 ml.) 
(mgm./100 ml.)} Sf 0-11 12-20 21-35 35-100 100-4 
A 1,893 220 | 517 839 | 997 | 663 “| 
B 1,853 263 731 1,015 = = 
Cc 175 146 75 43 aA 


























animals were killed, the sera assayed chemically for 
cholesterol* and ultracentrifugally for 8-lipoproteins® 
and the aortas graded visually (on a 0-4 scale) for 
atheromata. The results are shown in Table 1. 

The most obvious source of discrepancy is the fact 
that Angelucci and Mascitelli-Coreandoli! admin- 
istered considerably more «-lipoic acid than we did. 
In the absence of weights of the animals, it cannot 
be said if their rabbits showed even less weight gain 
than ours did. It is also worth noting that whereas 
their lipoic-acid group showed 20 per cent of the 
serum cholesterol-levels of the cholesterol-fed con- 
trols, they showed 66 per cent of the aorta cholesterol. 
In our work there was increased atherosclerosis in 
the lipoic acid group. 

These results, indicating one of the lower limits 
at which no effect of «-lipoic is discernible, may 
serve as a guide in defining dosages, and may stimulate 
further work. 

Davin KrRiTcHEVSKY 


Wistar Institute of Anatomy and Biology, 
Philadelphia 4, Pa. 


A. W. Mover 


Lederle Laboratories, 
Pearl River, N.Y. 


1 Angelucci, L., and Mascitelli-Coreandoli, E., Nature, 181, 911 (1958). 

* Trinder, P., Analyst, 77, 321 (1952). 

*Gofman, J. W., Lindgren, F., Elliott, H., Mantz, W., Hewitt, J., 
a“ B., Herring, V., and Lyon, T. P., Science, 111, 166 
(1950). 


Tue discrepancy between our results and those of 
Kritchevsky and Moyer could be explained as follows : 

(a) In comparison with the dosages used by 
Kritchevsky and Moyer, our rabbits were given a 
smaller total amount of cholesterol and a greater 
total amount of «-lipoic acid, with a ratio between 
cholesterol and «-lipoic acid comparatively in favour 
of the latter in unit time. 

(6) That there is a critical value in the «-lipoic 
acid dosage for the ‘anticholesterol properties’ can 
be argued from the fact that in humans with high 
serum cholesterol-levels, chronic treatment with 
a-lipoic acid 25 mgm. twice a day did not change 
the serum cholesterol-levels, whereas 50 mgm. once 
a day gave a moderate decrease in the serum 
cholesterol levels (Consolo et al., Boll. Soc. Ital. Biol. 
Sper., 32, 1325; 1957). 

L. ANGELUCCI 
E. Mascrretii-CoriaNnDouli 


Research Department, 
National Biochemical Institute, 
Rome. 
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Existence and Significance of a Physiological 
Anticoagulating System 


WHEN moderate doses of tissue thromboplastin 
are injected into the jugular vein of rats the cir- 
culating blood loses its clotting properties, with the 
result that no intravascular thrombi are, as a rule, 
produced. This effect of thromboplastin depends 
upon its capacity for inducing the formation of 
thrombin in blood from the plasma prothrombin. 
In most cases intravenous administration of moderate 
doses of thrombin to healthy animals does not cause 
thrombosis, for the clotting mechanism becomes dis- 
ordered almost immediately after the injections. At 
the same time the thromboplastic activity of blood 
shows a sharp decrease, while fibrinogen capable of 
reacting with thrombin disappears and heparin-like 
substances appear in the blood. This protective 
reaction, maintaining the blood in a fluid state in 
the vascular bed when thrombin arises in it, is brought 
about by the physiological anticoagulating system. 
Experiments have shown that in narcotic sleep 
resulting from inhalation of sulphuric ether, as well 
as from anesthesia produced by an intramuscular 
injection of novocaine on both sides of the spinal 
column, this anticoagulating system ceases to func- 
tion. It is this effect that accounts for the fact that 
coagulation of circulating blood and death from 
thrombosis have been found to occur in anesthetized 
test animals (as opposed to controls in a normal 


physiological condition) after an intravenous 
administration of certain doses of thrombin 
(Table 1). 


It thus appears possible that there may exist certain 
receptors in the blood vessels which react to the 
presence of thrombin and actuate the neuro-humoral 
mechanism, preventing coagulation of the blood cir- 
culating in the vessels. There is no doubt that patho- 
logical changes in the vessel walls as well as impairment 
of circulation may lead to the formation of thrombin 
in the vascular bed. Whereas with an anticoagulating 
system functioning normally, the coagulation of the 
circulating blood is to a certain extent avoided, in 
any disturbance of that system the appearance of 
thrombin in the circulating blood, whatever its 
— may be, can give rise to the formation of 
clots. 

It is probable that the anticoagulating system 
partly loses its function as a result of changes in 
the body with age and of toxic effects occurring in 
case of some infectious diseases, as well as in narcosis 
or anesthesia (post-operative thrombosis). The latter 
fact is proved experimentally. It is possible that 
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in the normal physiology of blood a restricted forma- 
tion of thrombin in the vascular bed is constantly 
taking place, but the blood does not clot owing to 
the action of the physiological anticoagulating system. 

In cases of disturbance of the anticoagulating 
system, even with decreased prothrombin content in 
the blood and its slower conversion to thrombin, the 
possibility of the formation of thrombin still remains, 
a fact which does not exclude the conversion of 
fibrinogen to fibrin in the vascular bed. 

On the basis of this hypothesis, the problem of 
thromboses should be approached not from the point 
of view of an excess of coagulating components in 
the circulating blood or the pathology of the vessel 
wall but through an analysis of the physiological 
state of the anticoagulating system present outside 
the vascular bed. 


B. A. KupRJASHOV 
P. D. Utytina 


Faculty of Biology and Soil Science, 
Moscow State University. 


Carbohydrate Metabolism of Cock 
Spermatozoa 


GLYCOLYSIS in spermatozoa of mammalian species 
has been much studied. These investigations, ex- 
tensively reviewed by Mann’, have demonstrated 
that mammalian spermatozoa utilize fructose, glucose 
and mannose; anaerobically, they degrade these 
sugars to lactic acid, deriving from this process the 
energy necessary for motility. 

Winberg? demonstrated that cock spermatozoa 
produce lactic acid by aerobic glycolysis of glucose, 
fructose or mannose, and that these sugars (and also 
maltose to a slight extent) support their respiration, 
but to my knowledge glycolysis in avian spermatozoa 
has not been further studied systematically. This 
communication reports the results of an investigation 
on the carbohydrate metabolism of spermatozoa of 
the domestic cock (Gallus domesticus). 

Semen collected from Rhode Island Red cocks by 
the abdominal massage method of Burrows and 
Quinn? was diluted, within 20 min. of collection, 
with the pre-warmed appropriate medium, and then, 
after removing an aliquot for initial analysis, was 
incubated in a water-bath at 40°C. The incubation 
was carried out in two ways: (1) in stoppered, 7— 
75-mm. test tubes containing 1-2 ml. of the mixture, 
which were left undisturbed in the bath, thus pro- 


Table 1. INHIBITION OF THE ANTICOAGULATING SYSTEM UNDER THE INFLUENCE OF ETHER OR NOVOCAINE ANHSTHESIA 























i Activity of Dose of intravenous No. ofanimals| No. of animals dead 
No. of animals | thrombin(sec.)*| thrombin (ml.) Experimental conditions surviving from thrombosis 
30 6 0:5 | Animals anesthetized with ether after 5 25 
| | 15 min. sleep 
30 6 | 0-5 | Control animals in normal physiological 
| state 26 4 
| 30 6 1-0 | Control animals anesthetized with ether 
| after 15 min.sleep. Thrombin fully inact- 
| } | ivated by heating for 6 min at 57°C. 30 0 
30 6 0-5 Animals given intramuscular injections of 
‘ novocaine along spinal column 11 19 
80 6 0:5 Control animals in normal physiological 
| | state 26 4 
| 30 6 0-5 Control animals given intramuscular in- 
| jections of novocaine along spinal column. 
Thrombin fully inactivated by heating 
for 6 min. at 57° C. 27 3 




















* Thrombin solution clotted an equal volume of oxalated blood in 6 sec. at 37° C. 
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viding semi-anaerobic conditions, and (2) in Warburg 
flasks containing 2 ml. of the mixture and attached 
to manometers which were shaken, thus providing 
aerobic conditions. Most experiments were performed 
in a buffered avian Ringer phosphate, pH 7-4 (con- 
taining NaCl 0-97, MgSO,.7H,O 0-025, NaHCO, 
0-10, NaHPO, 0-1984 and KH,PO, 0-1815 per cent). 
All experiments were performed in mixtures of 
3 parts diluent to 1 part of either whole semen or 
washed sperm resuspended to the original concen- 
tration. Total reducing substances in the mixtures 
were determined by the method of Hagedorn and 
Jensen‘ and fructose by the resorcinol method of 
Roe’ as adapted to semen by Mann‘ in protein-free 
filtrates obtained by using barium hydroxide and 
zine sulphate. 

Although cock semen is notoriously poor in 
fructose!, mixtures of cock semen and Ringer phos- 
phate to which fructose was added in a concentration 
of 3-0 mgm. per ml. utilized fructose at the rate of 
0:63-0:76 mgm. per 10° sperm during the first hour 
under semi-anaerobic conditions. Aerobically, 0-42— 
0-55 mgm. fructose was utilized by 10° sperm during 
the same period. Curves of utilization of fructose 
were not linear, presumably due to progressive 
inactivation of incubated spermatozoa and gradual 
depletion of the substrate. For example, in mixtures 
containing about 1-5 x 10° sperm per ml. an average 
of 39 per cent of fructose was utilized during the 
first hour, 21 per cent during the second and a further 
18 per cent during the third hour. 

In order to determine whether cock spermatozoa, 
like those of bull and ram, utilize aldoses preferentially 
to fructose, cock spermatozoa were incubated in 
mixtures containing 3 mgm. fructose plus 6 mgm. 
of either glucose or mannose per ml. Surprisingly, in 
these mixtures no decrease in fructose whatever could 
be observed, and, in fact, the fructose content 
appeared to increase slightly. In a subsequent series 
of incubations carried out in diluents containing 
either glucose or mannose as the sole sugar, a definite 
accumulation of fructose was readily demonstrable. 
A typical experiment is illustrated in Fig. 1. In this 
experiment a 1 : 3 mixture of cock semen and Ringer 
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Fig. 1. Glucose utilization and fructose formation by diluted 
cock semen during aerobic incubation at 40° C. 
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phosphate, supplemented with 3 mgm. glucose per 
ml., during 3 hr. aerobic incubation at 40°C. pro- 
duced 0-98 mgm. fructose per ml., which represents 
a conversion of more than 30 per cent of glucose into 
fructose. At the end of incubation the mixture con- 
tained more than twice as much fructose as glucose. 
The identity of fructose was confirmed by the yeast- 
fermentation test. 

Under the experimental conditions referred to in 
Fig. 1 the rate of formation of fructose was found 
to be approximately twice as high in aerobic as in 
anaerobic conditions. It was also found to be fairly 
independent of the initial concentration of aldose, 
at least over a certain range. When, however, the 
initial concentration of aldose was very small the 
rate of accumulation of fructose was much smaller. 
An average of 0-17 mgm. of fructose accumulated 
during the first hour in the presence of 2-6 mgm. 
aldose, but when the initial supply was limited to 
0-8 mgm., only 0-06 mgm. fructose accumulated 
during the first hour and most of this disappeared 
during the second. 

The formation of fructose in cock semen supple- 
mented with glucose was found to be dependent on 
the presence of live spermatozoa. It was also demon- 
strated in suspensions of washed but motile sperim- 
atozoa. A pooled sample of semen was centrifuged, 
the packed cells suspended in Ringer phosphate, the 
suspension divided into two equal portions and both 
portions centrifuged. One portion was resuspended 
in half the original volume of seminal plasma and 
the other in the corresponding volume of Ringer 
phosphate. Samples of each were incubated with 
glucose and with mannose, each sugar at an initial 
concentration of 3 mgm. per ml. During the first 
hour 0:20 mgm. fructose was formed from either 
glucose or mannose in the presence of seminal plasma 
and 0-21 mgm. in the presence of Ringer phosphate ; 
after 3 hr., respectively 0-75 and 0-68 mgm. fructose 
had accumulated. 

Since cock spermatozoa convert glucose and 
mannose to fructose the question arises whether they 
are also able to carry out the reverse reaction. The 
existence of such a reverse reaction could not be 
demonstrated, at least under aerobic conditions. In 
cock semen incubated for 3 hr. with 3 mgm. fructose 
per ml. 0-98 mgm fructose disappeared while the level 
of reducing substances other than fructose declined 
from 0-47 to 0-20 mgm. per ml. Under semi-anaerobic 
conditions the results were less clear. Here small 
but irregular amounts of non-fructose reducing 
material accumulated, but much of it proved to be 
non-fermentable by yeast. 

This investigation was conducted during my 
tenure of a National Science Foundation Fellowship 
while on sabbatical leave from the University of 
California, Davis, California. The cordial and invalu- 
able interest and advice of Dr. T. Mann throughout 
the investigation are gratefully acknowledged. 


F. W. Lorenz 


Agricultural Research Council 
Unit of Reproductive Physiology and Biochemistry, 
Department of Veterinary Clinical Studies, 
University of Cambridge. 
* Mann, T., ‘The Biochemistry of Semen” (Methuen and Co., Ltd. 
London, 1954). 
* Winberg, H., Arkiv Zool., 322A, No. 7, 11 (1939). 
* Burrows, Ww. H., and Quinn, J. P., Poultry Sci., 16, 19 (1937). 
* Hagedorn, H. C., and Jensen, B. N., Biochem. Z., 185, 46 (1923). 
* Roe, J. H., J. Biol. Chem., 107, 15 (1934). 
* Mann, T., J. Agric. Sci., 38, 323 (1938). 
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Distribution of Newly Synthesized 
Deoxyribonucleic Acid in Mitotic Division 


Firket and Verly recently presented! some results 
on the labelling of chromosomal deoxyribonucleic 
acid in chick fibroblast cells with tritiated thymidine. 
One of their conclusions is that their results support 
the hypothesis of the equal distribution of labelled, 
and hence newly synthesized, deoxyribonucleic acid 
between sister anaphase and telophase chromosome 
sets and contradict an earlier observation by Mazia 
and me? that this distribution may be decidedly 
unequal. 

An inequality which exceeds that to be expected 
from the random distribution of the products of 
replication of different chromosomes and from the 
random distribution of decaying isotopic atoms 
suggests that there is an additional variant: a 
daughter chromosome may differ from its sister in 
the amount of newly synthesized deoxyribonucleic 
acid; in other words, the formation of daughter 
chromosomes from the maternal complex involves 
the random assortment of a small number of new 
and old units of deoxyribonucleic acid. This was the 
conclusion reached by us from an analysis which 
involved a mitotic system of six chromosomes and 
thymidine-44C as the deoxyribonucleic acid marker*. 

A more direct approach to the problem was carried 
out by Taylor e¢ al.*: tritiated thymidine was sub- 
stituted for thymidine-“C, thus permitting the 
autoradiographic analysis of single pairs of sister 
chromosomes rather than whole sets. Their con- 
clusion was that sister chromosomes always shared 
equally in the deoxyribonucleic acid most recently 
synthesized, that the formation of daughter chromo- 
somes did not involve the random assortment of the 
new and old structural units of the deoxyribonucleic 
acid of the mother complex. More recent experi- 
ments of mine strongly suggest, however, that these 
latter results are rather more complex than first 
appeared, that they are subject to a different inter- 
pretation from that offered by Taylor e¢ al.*, and 
that they by no means exclude the earlier conclusion 
of random assortment. In short, the question of the 
mode by which the mother chromosome is transformed 
into its two daughters is still unresolved and in need 
of further experimental elucidation. 

The study of Firket and Verly has a direct bearing 
on this question: if significant anaphase and telo- 
phase inequality of newly synthesized deoxyribo- 
nucleic acid is ruled out, then an equal partition of 
the material between daughter chromosomes is 
indicated. I should like to point out, however, that 
the experimental system chosen by these authors 
makes it virtually impossible to arrive at any sig- 
nificant quantitative conclusions. Unlike the experi- 
ment of Taylor et al.*, the study by Firket and Verly 
looks at whole sets of post-metaphase chromosomes. 
In this respect it resembles our earlier investigation 
of the six-chromosome system (Crepis capillaris). 
In sharp contrast with the latter, however, the chick 
fibroblast cell presents a very difficult statistical 
problem indeed: with upwards of 60 chromosomes 
the number of cells that must be analysed in order 
to separate the random inequalities introduced by the 
Independent behaviour of different chromosomes 
from those which might be introduced by the segre- 
gation of chromosomal sub-units is extremely large. 
Similarly, the number of grains in the autoradio- 
8taphic image should be large enough to permit the 
Statistical separation of random distribution and 
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decay errors from biologically significant inequality. 
The actual results on which Firket and Verly base 
their conclusion’ suggest that neither of these 
conditions is fulfilled. The number of cells analysed 
is 19, the average number of silver grains in the 
emulsion per cell is 47. In such a sample of a mitotic 
distribution system with 60 or more chromosomes 
one cannot hope to detect inequalities which are 
ascribable to differential labelling of sister chromo- 
somes. The only conclusion which can be drawn 
from these results is that newly synthesized deoxy- 
ribonucleic acid is distributed between post-meta- 
phase chromosome sets in chick fibroblast cells. The 
question of the equality or inequality of this distribu- 
tion remains unelucidated. 


W. Pravt 


Botany Department, 
University of Wisconsin, 
Madison 6, Wisconsin. 
April 17. 
1 Firket, H., and Verly, W. G., Nature, 181, 274 (1957). 
a Piet, 3 and Mazia, D., J. Biophys. and Biochem. Cytol., 2, 573 


3 Taylor, J. H., Woods, P. 8., and Hughes, W. L., Proc. U.S. Nat. 


Acad. Sci., 48, 122 (1957). 
‘ Firket, H., Arch. Biol., 69, 1 (1958). 


I aGREE with Dr. Plaut that my results, though 
different from his, do not rule out the conclusions 
arrived at by him and Dr. Mazia. In fact, in the 
detailed paper! to which he refers, I wrote (p. 84) : 
““Méme si cette [Dr. Plaut and Mazia’s] hypothése 
sur la duplication de ADN est exacte, une telle 
déviation n’aurait qu’une chance infime d’apparaitre 
dans les cellules de Poulet ot le nombre de chromo- 
somes est beaucoup plus élevé”. I doubt the 
conclusions of their experiments for other reasons : 
namely, the inaccuracy of the limits of the field to 
be measured, the various possible errors in the 
quantitative assessment of radioactivity, and the 
contrary experiments by Taylor e¢ al.’. 

I quite agree, however, that no definite conclusions 
have yet been reached about the mode of distribution 
of new deoxyribonucleic acid among daughter 
chromosomes. It is both a difficult and important 
problem with far-reaching consequences. If a deoxy- 
ribonucleic acid unit is defined as a molecule or group 
of molecules that are synthesized and tied together, 
the possible hypotheses are as follows : 

(a) The number of deoxyribonucleic acid units per 
chromosome is small and there is a mechanism that 
ensures a perfectly equal distribution of newly 
synthesized labelled units and old units among 
daughter chromosomes. This implies a definite 
spatial relationship between these units (or, less 
likely, a system that can distinguish between new 
and old units of identical composition). 

(b) The number of units is small and they are 
randomly distributed among daughter chromosomes. 
On the average, two sister chromosomes have an 
equal amount of new and old deoxyribonucleic acid, 
but some pairs may show a very unequal distribution. 

(c) The number of units per chromosome is large 
and there is a random distribution. 

(d) The number of units is large but there is a 
tendency for the newly synthesized units to move 
together. 

The experiments of Taylor et al. tend to prove 
hypothesis (a). Plaut and Mazia’s results’, taken at 
their face value, point to (b) or (d). Mine agree best 
with (a) and (c). It should also be borne in mind 
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that there may be no single pattern of universal 
application. 

Contrary to what Plaut and Mazia® say, all these 
hypotheses are compatible with the Watson and 
Crick hypothesis of duplication of deoxyribonucleic 
acid molecules : a simple calculation shows there are 
usually several thousands of these per chromosome, 
so that a different order of magnitude is involved. 

Crucial experiments are difficult to devise in this 
field where matters are complicated by errors due to 
the random decay of the isotopes and to the methods 
of quantitative assessment of radioactivity. It seems, 
however, that if hypothesis (b) is correct, we should 
find some unlabelled anaphase chromosomes (in a 
species where their number is large) after one 
premitotic synthesis in the presence of a radioactive 
precursor. If in such an experiment all chromo- 
somes are labelled, hypothesis (b) becomes extremely 
unlikely. With the precise localization given by 
tritiated thymidine (but not with thymidine labelled 
with carbon-14), such an experiment now seems 
possible and I intend to try to tackle tie matter 
shortly. 

HENRI FIRKET 

Université d’Elisabethville, 

Belgian Congo. 
? Tirket, H., Arch. Biol., 69, 1 (1958). 
* Taylor, 8S. H., Woods, P. 8., and Hughes, W. L., Proc. U.S. Nat. 
cad. Sci., 43, 122 (1957). 
3 Pertiees” and Mazia, D., J. Biophys. and Biochem. Cytol., 2, 573 


Comparison of the Salivary Secretion of 
Both Parotid Glands in a Sheep 


NuMEROvs workers have shown that the parotid 
glands of ruminants secrete saliva continuously, but 
only a small number of observations have been made 
on the secretion of both glands in the one animal. 
Scheunert and his colleagues! observed that the two 
parotids of sheep secrete independently of one 
another and considered it probable that the fistulated 
parotid secretes only a minimal amount of saliva. 
Colin? ascribed the differences in the secretion of the 
two parotid glands which he observed in the case of 
an ox to the preference on the part of the animal 
for chewing on the non-operated side. 

In the course of investigations on the return 
of nitrogen to the rumen in the parotid saliva of 
sheep, the secretion from both parotid glands in a 
Merino wether was measured over fourteen days. 
Into each duct two cannule were inserted, one directed 
towards the gland, the other towards the orifice on 
the buccal mucosa. The free ends of the cannula on 
either side could be joined so that the saliva was able 
to flow into the mouth from one gland, while that 
from the opposite member was being collected. By 
reversing the opening and closing of the bridge from 
side to side, the daily secretion from each parotid 
gland was measured on alternate days. In this way 
the animal received the secretion from one gland at 
all times. 

The collections were commenced three days after 
the surgical operation and continued for the following 
fourteen days. During this time the animal con- 
sumed the whole of its daily ration of 680 gm. of 
dry matter composed of sheep cubes, oat grain, oat 
chaff and lucerne hay. The animal had free access 
to water. Instead of giving the sheep a daily ruminal 
infusion of sodium bicarbonate to replace the sodium 
lost in the secretion from the operating gland, the 
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remainder of the saliva collected, after samples had 
been kept for nitrogen analysis, was infused back 
into the rumen per cannulum at a rate simulating 
the natural flow. 

For the duration of the experiment the animal was 
kept under the same environmental conditions to 
which it had been accustomed for the previous six 
months and maintained the same position in re- 
lation to its regular neighbours in the colony. It 
was attended by only one member of the department. 

Under these conditions the daily volume was 
recorded for each gland on alternate days and the 
nitrogen content of the saliva determined by the 
micro-Kjeldahl method. The results are given in 


Table 1. 
Table 1 





Left gland | Right gland | 


Saliva 





Total volume for 7 days (ml.) 16,665 
Mean daily volume (ml.) | 2,381 + 94°3* 
Range in daily volume (ml.) 1,992-2,745 
Total nitrogen content for 7 days 








17,468 
2,495 + 94-3* 
2,268-2,775 








2,076 2,007 
| 297 + 10-6* | 287 + 10-6* | 
251-341 | 


257-327 





mgm. 
Mean daily nitrogen (mgm.) 
Range in daily nitrogen (mgm.) 








* Standard error of mean 


The mean daily volume of the left and right gland 
did not differ significantly (¢, 0-86 on 12 degrees of 
freedom). Similarly in the case of the mean daily 
output of nitrogen, the left and right gland did not 
differ significantly (¢, 0-66 on 12 degrees of freedom). 

The mean daily volume of saliva and nitrogen 
content accord well with similar values recorded for 
sheep with permanent unilateral parotid fistule kept 
under the same feeding and environmental conditions 
at this Institute. Denton* has reported that the 
daily volume of saliva secreted by sheep with per- 
manent unilateral parotid fistule is relatively constant 
on any one diet. However, the volume collected 
daily varies with the diet‘. 

Both parotid glands continued to function for a 
further nine days until on the twenty-sixth day after 
the operation one of the cannule became dislodged. 
During the whole period of observation the animal 
did not appear to suffer any overt ill effect from the 
presence of the cannule in the ducts. It remained 
in good health, ruminated normally, and passed 
feeces of uniform consistency. Over the twenty-six 
days of observation the sheep gained 2-5 Ib. in weight. 

The procedure adopted of infusing the animal’s own 
saliva back into the rumen as a continuous flow was 
designed to approximate the secretion of the saliva 
under normal physiological conditions and thus 
maintain the buffered fluid environment in the rumen. 
As an alternative I have observed that sheep with 
permanent unilateral parotid fistule will drink their 
own saliva, or that from another animal, and remain 
in a healthy condition without a daily supplement of 
sodium bicarbonate. 

The significance of the salivary nitrogen contribu- 
tion to the rumen under different dietary conditions 
will be discussed elsewhere. 

M. SoMERS 
Institute of Agriculture, 
University of Western Australia, 
Nedlands, Western Australia. 
May 23. 


1 Scheunert, A., and Trautmann, A., Pfliig. Arch. Ges. Physiol., 192, 
$3 (1921). Scheunert, A., Krzywanek, W., and Zimmermann, 
K., Pfliig. Arch. Ges. Physiol., 223, 453 (1929). 

2 Colin, G., Pfliig. Arch. Ges. Physiol., 192. 33 (1886) cited in ref. 1. 

* Denton, D. A., Quart. J. Exp. Physiol., 42, 72 (1957). 

“Denton, D. A., J. Physiol., 181, 516 (1956). 
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Desertomycin, a New Crystalline Antibiotic 
with Antibacterial and Cytostatic Action 


A REPORT was recently published! of a new 
antifungal antibiotic, flavofungin, from a previously 
unreported Streptomyces strain, Streptomyces flavo- 
fungini. This species produces, besides flavofungin, 
another antibiotic. Its presence was demonstrated 
by the paper-chromatographic examination of the 
fermentation fluid and of the crude flavofungin. The 
Streptomyces strain originally isolated produces much 
more of this antibiotic than of flavofungin, in contrast 
to its natural variant, which synthesizes flavofungin 
more abundantly. The second antibiotic can be 
extracted from the fermentation broth as well as 
from the mycelium with organic solvents. We 
succeeded in obtaining hexagonal crystals from various 
solvent systems (Fig. 1). This new antibiotic was 
named ‘desertomycin’, after the source (African desert 
sand) of the Streptomyces strain which produces it. 





os 


Fig. 1 Desertomycin crystals 


Desertomycin is a uniform snow-white, glittering, 
crystalline product. Its tentative empirical formula 
8: Cy;H¢o-g.0,4N. It melts at 189-190° C. The 
solubility in water or in absolute alcohols, ether and 
acetone is low, but it is higher in alcohols which 
contain some water. Its neutral aqueous solution is 
very stable. Desertomycin contains no sulphur, 
halogen, N-methyl or acetyl groups, but it has a C 
methyl group. The substance gives acetylated and 
hydrogenated derivatives ; it decolorizes a solution 
of permanganate or bromine and gives positive 
ninhydrin and Kuhn-Roth C-methyl tests. 

Crystalline desertomycin was tested against a 
number of bacteria by a serial dilution method. The 
minimum inhibitory concentration varies between 5 
and 25 ugm./ml. for various micro-organisms. The 
antimicrobial activity of desertomycin is shown in 
Table 1. 

Desertomycin proved to be markedly toxic for mice. 

he imtrayvenous, intraperitoneal, subcutaneous and 
van LD50 Ps desertomycin in mice was found to be 
‘v0 Imgm./kym., 2-6 mgm./kgm., 5-3 mgm./kgm. 
and 12-15 mgm./kgm. hictlieciocighs viompsehivaie. ~4 

Desertomycin exhibits a very significant cytotoxic 
= . Our in vitro experiments show that it inhibits 
the life-activity of leukemic cells and of Ehrlich 
ascites cells in a quantity of 0-7 ygm. and 10 ugm., 
respectively*. It exhibits a cytostatic (10 ugm.) and 
in higher concentrations (50-100 ugm.) a cytolytic 
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Table 1 
Inhibitory 
Micro-organism concentration 
vm, i ml.) 


B. subtilis, NTCC 6633 


B. subtilis (streptomycin resistant) 1-5 
B. subtilis (penicillinase producing) 1-5 
B. megatherium 1-5 
Staphylococcus aureus Duncan 10 
Staphylococcus aureus (penicillin resistant) (three strains) 10 
B. cereus 569 10 
E. coli 111 10-25 
E. coli 8. (mouse-pathogen) 10-25 
Staphylococcus aureus (mouse-pathogen) (two strains) 25 
Staphylococcus aureus (four strains) 25 
Staphylococcus aureus (poly-resistant) 25 
Staphylococcus aureus (penicillin resistant) (five strains) 26 
Micrococcus ureae 25 
Enterococcus >25 
E. typhosa H >25 
#. coli commune >25 


Pneumobacillus Friedlinder 
Pseudomonas pyocyanea 

action on fibroblast, HeLa and Crocker cells, studied 
by the tissue culture method (Kelner, B., e¢ al., 
personal communication). Once more the inhibition 
of the growth of bacteria is seen to be connected with 
the inhibition of tumour cells. 


>25 
not inhibited 


J. Urt 
Department of Pharmacology, 
University Medical School, 
Debrecen. 
R. Bogndr 
Institute of Organic Chemistry, 
University of Debrecen. 
I. BEKxsI 
Antibiotic Research Institute, 
Hungarian Academy of Sciences. 
B. Varca 


‘*Hajdusagi’’ Pharmaceutics Factory, 
Debrecen, Hungary. 
June 2. 


1 Uri, J., and Békési, I., Nature, 181, 908 (1958). 
2 VAlyi-Nagy, T., Hernddi, F., and Baszler, G. (in the press). 


Adrenalectomy and Tissue Amines 


WE have recently suggested! that the secretion of 
the adrenal cortex exerts a functional control over 
the levels in tissue of both histamine and 5-hydroxy- 
tryptamine. This evidence was obtained by injecting 
synthetic corticosteroid substances into normal rats 
as well as into rats in which tissue histamine had been 
previously depleted. Further experiments have now 
been carried cut on animals the adrenal glands of 
which have been removed before drug treatment. 

Groups of rats (100-125 gm. in weight) were 
bilaterally adrenalectomized and maintained for 
four days on a cube diet and either drinking water or 
normal saline solution. Other groups were mock- 
adrenalectomized and similarly maintained. The 
animals were then killed and several tissues extracted 
and tested for histamine and 5-hydroxytryptamine 
activity. Striking differences between the amine- 
levels in the groups were noted. Whereas the 
histamine-levels in the skin, ears, feet, liver and lung 
of adrenalectomized rats maintained on normal saline 
solution did not differ significantly from those of 
mock-adrenalectomized animals, the histamine-levels 
in these tissues of adrenalectomized rats maintained 
on water were increased two to six times. When 
cortisone (but not deoxycorticosterone acetate) was 
given to such animals, the histamine-levels in the 
tissues fell dramatically to normal levels or below. 
This is therefore a further demonstration of the 
control exerted by glucocorticoid substances on tissue 
histamine-levels, and as suggested by Schayer and his 
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co-workers? these substances probably alter the rate 
of formation of histamine in the tissues. In a similar 
manner, there is a two-fold increase in the 5-hydroxy- 
tryptamine-levels in the tissues of adrenalectomized 
rats maintained on drinking water, and cortisone 
treatment restores these levels to normal. The 
changes in the 5-hydroxytryptamine-levels might be 
magnified if the experiment can be performed on 
histamine-depleted adrenalectomized rats maintained 
on drinking water, but such rats have not so far been 
available. 
These results support our hypothesis'. They 
further show that the tissue-levels of both histamine 
and 5-hydroxytryptamine are in part inversely 
related to the sodium intake. The importance of the 
dietary sodium content when studying the effect of 
adrenalectomy on tissue histamine-levels was shown 
by Rose and Browne’®, but neglect of this factor by 
later workers led to several conflicting results. In 
assessing the effect of corticosteroids on conditions of 
inflammation, conflict has also arisen due to lack of 
appreciation of the role of tissue amines in certain of 
these conditions and of the control exerted upon these 
amines by the hormones of the adrenal gland and 
their analogues. It is of interest that in the present 
experiments the fluctuations in the 5-hydroxytrypt- 
amine-levels in the rat follow those in the histamine- 
levels, and in this respect are similar to those noted 
already in other forms of stress such as weaning, 
pregnancy and hyperthyroidism‘. 
R. Hicks 
G. B. West 
Department of Pharmacology, 
School of Pharmacy, 
29-39 Brunswick Square, 
London, W.C.1. 
June 12. 

* Hicks and West, Nature, 181, 1342 (1958). 

z we meen and Davis, Proc. Soc. Erp. Med. Biol., 87, 590 

* Rose and Browne, Amer. J. Physiol., 181, 589 (1941). 

* Parratt and West, J. Physiol., 137, 169 (1957). 


Lethal and Sterilizing Effects of Single 
and Fractionated Doses of Gamma 
Radiation on Calandra granaria L. 


Two techniques for radiation disinfestation can be 
distinguished: the direct irradiation of infested 
products', and the indirect control of a pest species 
by the release of sterilized adults’. The successful 
operation of the first method necessitates complete 
and permanent reproductive sterilization accom- 
panied by premature death ; and the second, steriliza- 
tion without seriously affecting the longevity of the 
released adults. 

The susceptibility of a number of insect species 
to large single doses of gamma radiation has been 
examined*, Small daily doses of X-rayvs* and y-rays® 
have been shown to increase the lougevity of the 
flour beetle (Tribolium confusum Duv.). Again, the 
sterilizing dose for the parasitic wasp (Habrobracon 
juglandis (Ashmead) ) does not cause permanent 
infertility when fractionated with suitable time 
intervals between treatments’. As part of a broader 
project to examine the radiation susceptibility of 
grein weevils, preliminary experiments were carried 
out to compare the effects of single and fractionated 
doses of y-radiation on larve and adult C. granaria. 
Insects were irradiated with a cobalt-60 source pro- 
viding a dose-rate of 6 x 10* r./hr. Cultures were 
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Table 1. Tug Errects oF IRRADIATING LARVA OF C. granaria WITH 
SINGLE DosE OF 4,012 REP AND FIVE REPEATED DOSES OF 802 ay 
ONIADULT EMERGENCE, SURVIVAL AND PROGENY PRODUCTION 








Adult sur- | 
Batches,| Mean No. | vival four | 
Treatment each ofadults | weeks after No. of 
of 450 emerged emergence | progeny 
larve (per cent) | 
cons | 8 | WESESS /3z 02 [Bass 8 
ontro . 4 4] 2, 
ieaeaoaic tone + z 2,208+ 40 
tween repeated | 
doses : | 
1 day 2 103-0+5°0 | 97-0+ 2-1] 1,621+4213 
1 hr. 1 47 66-0 61 | 
10 min. 1 5 20-0 0 | 
_ Lmin. 1 2 50-0 0 
Single dose < 2541-0 | 23-3414°5 0 




















maintained on preconditioned grain at 26°C. and 
75 per cent relative humidity. 

In the first experiment, batches of larve in grain 
were treated with a single dose of 4,012 rep and 
others with five repeated doses of 802 rep; the time 
intervals between treatments were 1 and 10 min., 
1 hr. and 1 day. The single dose was applied to 
samples containing equal proportions of 7-8, 8-9, 
9-10, 10-11 and 11-12 day-old larve. Similar 
samples were used when the intervals between 
repeated doses were 1 hr. or less. With daily doses, 
the first treatment was given to 7-8 day-old larve 
and the last on the eleventh to twelfth day of their 
development. Two types of untreated controls were 
used: A, larve 7-8 days old when the first daily 
dose was given and B, equal proportions of larve 
covering the age-range. The adults which emerged 
after treatment were placed to oviposit on 100 gm. 
of grain for four weeks. Table 1 shows the effects of 
irradiation on the emergence of adults, their survival 
and production of progeny. 

In a similar experiment, batches of 50 adults 
7-12 days old were treated with a single dose of 
5,666 rep and others with five repeated doses of 
1,133 rep; the l-hr. interval between treatments 
was omitted. Controls A and B were used as in the 
first experiment. After irradiation the adults were 
placed to oviposit on 100 gm. of grain and the 
number of survivors counted four weeks later. 
Progeny were recorded 7 and 9 weeks after inoculation 
(Table 2). 

Table 1 shows that when young larve are treated 
with a single dose and with doses fractionated by 
intervals of 1 and 10 min., adult emergence is 
markedly reduced; more adults emerge when the 
interval is increased to 1 hr., while with daily doses 
emergence is unaffected. These results suggest 
the existence of a recovery process which becomes 
completely effective a few hours after treatment. 
Table 2. THE EFFECTS OF IRRADIATING ADULT C. granaria WITH A 


SINGLE DOSE OF 5,666 REP AND FIVE REPEATED DOSES OF 1,133 REP 
ON SURVIVAL AND PROGENY PRODUCTION 

















Mean 
Batches, | survival Mean No. of progeny 
Treatment each of | afterfour| (weeks after inoculation) 
50 adults} weeks §|—————-— 
(per cent) 7 weeks Total at 9 
weeks 
Control A 8 97-°5+0°8 | 1,088 +88-0 | 1,720+112-0 
Control B 14 97-041-0} 1,106+51-0 | 1,766+ 48-0 
Intervals 
between 
repeated 
doses : = 
1 day 4 97-541°9 14+ 06 634 5-4) 
10 min 3 10-740°7 10+ 0-4 12+ 06) 
1 min. 3 11-342-4 12+ 3-0 144 4:3] 
Single dose 7 5141-1 11+ 0-6 12+ 03] 
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Table 1 also shows that the survival of adults and 
production of progeny are similarly affected. 

Table 2 shows that the survival of adults which 
are treated with fractionated doses is also similar 
to that obtained with a single dose if the interval 
between treatments does not exceed 10 min. ; further- 
more, after treatment with daily doses their survival 
is similar to the controls. Production of progeny, 
however, is seriously reduced by both single and 
fractionated doses, irrespective of their duration, 
and in this respect adults and larve differ markedly 
in susceptibility. However, the difference in progeny 
counts at 7 weeks and at 9 weeks suggest that 
fertility may reappear in adults receiving daily doses. 
The difference in behaviour of larvee and adults may 
be attributed to the condition of gonadial develop- 
ment at the time of irradiation and warrants further 
investigation. 

The present results are of importance in relation 
to the operation of the two techniques for radiation 
disinfestation. Thus, the efficacy of direct irradiation 
of infested products could be seriously jeopardized 
by the use of repeated passes if intervals between 
doses are longer than a few minutes. On the other 
hand, an increase in longevity, obtained by using 
fractionated doses at daily intervals, could consider- 
ably increase the efficiency of insect control by the 
release of sterile adults provided permanent steriliza- 
tion was achieved. 

D. J. JEFFERIES 
P. B. ConNWELL 

Technological Irradiation Group, 

Isotope Division, 
Atomic Energy Research Establishment, 
Wantage Radiation Laboratory, 
Grove, Wantage, Berks. 
May 16. 


+ Brownell, L. E., Nehemias, J. V., and Bulmer, J. J., U.S. Atomic 
Energy Commission Report A.E.C.U., 3050 (1955). 

*Baumhover, A. H., et al., J. Econ. Ent., 48, 462 (1955). 

* Cornwell, P. B., Crook, L. J., and Bull, J. O., Nature, 179, 670 (1957). 

‘Davey, W. P., J. Exp. Zool., 28, 447 (1919). 

‘Cork, J. M., Rad. Res., 7, 551 (1957). 

*Grosch, D. S., and Sullivan, R. L., Rad. Res., 1, 294 (1954). 


Dosage-Mortality Curves for Houseflies 
Susceptible and Resistant to DDT 


A RECENT paper by Hewlett? has directed attention. 
to the fact that the slopes of dosage—mortality 
curves for houseflies resistant to DDT are less steep 
than those for houseflies susceptible to DDT; he 
explained this in terms of (1) the relation between 
the amount of DDT absorbed by flies and the external 
dose; and (2) a possible variation from fly to fly 
of the DDT exerting a toxic effect at the primary 
site of action, a variation brought about or intensified 
by enzymatic detoxification of DDT in resistant flies. 
An alternative explanation of the phenomenon would 
be that DDT resistance in houseflies is genetically 
controlled, and that very few of the strains of insects 
so far examined represent genetically pure lines. 

Let us take the case of an insect the resistance of 
which is governed by a single incompletely dominant 
gene f’. Possible genotypes are then RR, Rr and rr. 
Even if the fully susceptible rr genotype is eliminated 
in each generation, the progeny of the heterozygote 
cross Rr x Rr will consist of 25 per cent of fully 
Susceptible individuals. Unless, therefore, a pure 
line of RR constitution can be isolated from its allelo- 
morphs, a dosage-mortality test of flies of a given 
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generation will show a response of individuals ranging 
from complete susceptibility to the highest resistance 
expressible by the gene in question. Since in Nature 
the occurrence of resistance genes is normally so 
low that in an average sample of wild insects none 
will be found, the control will therefore represent a 
purer line of susceptibility than the resistant does 
of resistance. The difference in the slopes of the two 
dosage—mortality curves is therefore representative 
principally of the difference between the pure and 
the impure samples. 

In the case of polygenic resistance, due to a 
number of weak genes acting together—to which 
type of resistance most cases of housefly resistance 
apparently belong—the picture is similar, but less 
simple. Let us take the case of two independently 
segregating partially dominant resistance genes R 
and P. There are then nine different possible geno- 
types, ranging from the highest resistance RRPP 
to the lowest (fully susceptible) rrpp, all of which 
may appear in any new generation. Given three 
genes, 27 possible combinations may occur. Separa- 
tion of the genotypes is then virtually impossible, 
for any mass selection technique of exposure of a 
given generation to insecticide may still leave some 
heterozygotes alive, which will give rise to susceptibles 
and further heterozygotes at the next generation. 

In the case of a pure line the difference between 
the DDO and the LD100, that is, the slope of the 
curve, will be dependent entirely upon the inherent 
errors in the methods of sampling and testing, plus 
a certain fly-to-fly variation. In the case of a mixed 
strain, this difference will obviously be greater by 
the extent to which the component genotypes differ 
one from another. However, the establishment of a 
greater number of points on the dosage—mortality 
curve, that is, by testing a greater number of dosages 
intermediate between LDO and LD100, may lead to 
the resolution of the gently sloping resistance curve 
into several parallel curves equal to the number of 
the genotypes present. 

Fig. 1 shows the three separate log-probit regression 
lines for the three genotypes of the Western Sokoto 
strain of A. gambiae exposed to various concentrations 
of gamma-BHC. Resistance to dieldrin and BHC 
has been shown to be monofactorially inherited and 
incompletely dominant in this strain?. Super-imposed 
on these three regression lines is the graph for an F, 
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Fig. 2. Log-probit regression lines for susceptible (rr) and hybrid 

(Rr) strains of A. gambiae exposed for 1 hr. to varying concentra- 

tions of dieldrin in risella oil and calculated percentage mortalities 

in the theoretical backcross offspring (50 per cent susceptibles 

and 50 per cent hybrids) of a hybrid to the susceptible parent (C) 


generation, composed of the theoretical 25 per cent 
susceptibles, 50 per cent hybrids and 25 per cent 
resistants, based on the actual mortalities recorded 
for the separate strains. A tripartite segregation of 
this graph is indicated though not too obviously 
and the points could be taken as lying on a single 
straight line. The explanation for this is that the 
degree of resistance to gamma-BHC is of a com- 
paratively low order (some thirty times) and the 
gaps between the LD100 of the susceptibles and LDO 
of the hybrids and L.D100 of the hybrids and the DDO 
of the resistants are very small. Resistance to 
dieldrin is much higher (some 800 times) and Fig. 2 
shows the regression line for the theoretical offspring 
of the backcross of hybrids with the susceptible 
parent (50 per cent susceptibles and 50 per cent 
hybrids) based on mortalities recorded among sus- 
ceptible and hybrid strains. A definite step in the 
line separating the susceptible part of the population 
and the hybrid part is apparent, where an increase 
in dosage produces no increase in kill (0-1-0-4 per 
cent dieldrin). As the degree of resistance to dieldrin 
is so high it is not possible to show the regression 
line for the resistant strain on this graph, where 
mortalities have been recorded after one hour’s 
exposure to various concentrations of the insecticide. 
At this exposure time no kill at all is recorded with 
the resistant strain even on a saturated solution of 
dieldrin in risella oil. It will be seen from these 
graphs that on taking a sample of a resistant popula- 
tion produced by mass selection, the difference 
between the LDO and the LD100 would be very much 
greater than in the case of any of the component 
lines. 
K. Witson-JONnES 
Colonial Pesticides Research, 
Tropical Products Institute, 
56-62 Gray’s Inn Road, 
London, W.C.1. 
G. Davipson 
London School of Hygiene and 
Tropical Medicine, 
Keppel Street, 
London, W.C.2. 
May 27. 


Hewlett, P. S., Ann. App. Biol., 46, 21 (1958). 
Davidson, G., Nature, 178, 863 (1956). 
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THE paper of mine referred to pointed out that 
it was not yet possible to say whether the two effects 
discussed would account for the whole of the differ- 
ences between the slopes of probit—log-dose lines for 
houseflies resistant and susceptible to DDT. Addi- 
tional genetic heterogeneity in strains of resistant 
flies could, it seems, operate side by side with the 
other two effects in reducing the slopes of the lines ; 
it might also intensify the second of the other two 
effects. When applied to resistant flies with DDT, 
bis(p-chlorophenyl) methyl carbinol synergizes the 
action of the DDT by depressing its enzymatic 
detoxification!.*, and at the same time increases the 
slope of the line relating probit mortality to the 
log-dose of DDT?; this strongly suggests that the 
detoxification mechanism is directly concerned in 
depressing the slope of the line for DDT without 
synergist, as discussed in my paper. 

P. 8S. Hewterr 

Pest Infestation Laboratory, 

Slough. June 2. 
1 Moorefield, H. H., and Kearns, C. W., J. Econ. Ent., 48, 403 (1955). 


* Perry, A. S., Mattson, A. M.,and Buckner, A. J., Biol. Bull., Woods 
Hole, 104, 426 (1953). 


Ecology of the Louse Lepidophthirus 
macrorhini Enderlein 1904 on the Elephant 
Seal Mirounga leonina (L.) 


THe Australian National Antarctic Research 
Expeditions have maintained a station since 1948 
on Macquarie Island, which is situated in the South 
Pacific, 54° 30’S., 159° E. Through the courtesy 
of the director, Mr. P. G. Law, a visit was paid to the 
island in December 1957. This afforded an opportunity 
to obtain some information on the ecology of the 
louse Lepidophthirus macrorhini Enderlein 1904 
which infests the elephant seal, Mirounga leonina (L.). 
Living lice were brought back to the laboratory for 
study by keeping infested hind flippers in a 
refrigerator. 

Unlike other species of lice, L. macrorhini forces its 
way into the skin and creates a burrow under the 
stratum corneum of the epidermis. Single nymphs 
or adults were found in these burrows, usually with 
the posterior tip of the abdomen visible. Occasionally 
the burrows were half an inch in length. In addition, 
a copulating male and female were found in one 
burrow, and in two others, each inhabited by a single 
female, an egg was found. When the elephant seal 
moults the stratum corneum of the epidermis is shed 
intact with hairs attached. Although some lice are 
lost at this time many remain, since only the roof of 
the burrow which they inhabit is removed. 

Pup seals were found to be the most heavily infested 
and the region of densest infestation was the hind 
flippers. From examinations made while the pups 
slept on the beach, it appeared that all were infested 
with lice. 

The skin temperature of elephant seal pups and 
bulls (2-7 years old) resting on the beach was found 
to be between 27°C. and 34°C. Two pups were 
driven into the sea, after their skin temperatures had 
been taken, and restrained in 3 ft. of water by a 
lassoo around the neck. On entering the water 
their skin temperatures dropped to between 10° C. 
and 12-5°C., that is, a few degrees above the tem- 
perature of the sea, 8-5° C. These observations agree 
with those of Irving and Hart? on the harbour seal 
Phoca vitulina and the harp seal Phoca groenlandica. 
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In the laboratory it was found that the lice became 
inactive either in air or water at 10°C. When placed 
in moist air at 29° C., after an exposure to low tem- 
peratures for several days, normal activity did not 
return until after a few hours. Their oxygen con- 
sumption in air at 10°C., measured by a Warburg 
apparatus, dropped to at least a fifteenth of that at 
33°C., and they survived a five-day immersion in 
sea-water at 10° C. which was only about 7 per cent 
saturated with oxygen (0-53 ml. oxygen per litre). 
Thus, at low temperature their metabolic rate was 
considerably reduced. It therefore appears likely that 
the skin temperature of the host is the primary factor 
which influences the growth of a population of these 
lice and that the main increase occurs when tho skin 
temperature is highest, namely, when the elephant 
seal is on land. As a consequence, the age group 
which spends the longest continuous period ashore 
might be expected to become the most heavily 
infested. Pups comprised this group at Macquarie 
Island in December 1957. 

It has been suggested that when the seal is at 
sea the lice obtain oxygen from a film of air trapped 
around the seal’s body?. Examination of pups 
restrained in the sea showed that no film of air was 
trapped around the body, nor was one seen when the 
hind-flippers of pups, anzsthetized with chloral 
hydrate, were immersed in sea-water. Numerous 
small bubbles were held at the base of the hairs, in 
the orifice of the follicle, but were easily removed by 
gently running the fingers over the body. However, 
air bubbles which were sometimes retained in the 
burrows were not so easily removed. 

Another suggestion has been that oxygen is ob- 
tained from air bubbles or from a film of air trapped 
between the characteristic sete and scales found on 
this type of louse*. When lice were immersed in sea- 
water, a small bubble of air was occasionally attached 
toa seta but not necessarily to one of those surround- 
ing the spiracles. More frequently, no bubbles were 
present and, as the cuticle of the louse was easily 
wetted, a film of air was not held around the insect. 
When completely wetted and immersed in fresh sea- 
water at about 10°C. the lice remained alive for 
more than two weeks. 

As the cuticle is thin and transparent a micro- 
scopical examination of living lice in sea-water was 
made with transmitted light. Only abdominal 
spiracles were seen, with trachea leading from the 
anterior of the abdominal tracheal trunks to each of 
the limbs and the head. It was found that when a 
spiracular opening was surrounded by an air bubble 
regular contractions of the atrium commenced. 
When the bubble was removed these contractions 
ceased within a few hours. During this period no 
water was seen to enter the atrium, which was filled 
with a bubble of gas, some of which was occasionally 
expelled. As no other structure was seen which could 
have a respiratory function, it would appear that 
oxygen is obtained from sea-water by diffusion 
through the cuticle. 

_There appears to be no reason to doubt that suffi- 
lent oxygen can be absorbed through the cuticle. 
At the greatly reduced metabolic rate associated with 
the lowered temperature in sea-water, little oxygen 
would be required and the surface waters in the sub- 
Antarctic are usually more than 80 per cent saturated 
with it‘. Moreover, the surface area of the cuticle 
of these lice is greatly increased by deep clefts 


im the intersegmental regions of the thorax and 
abdomen. 
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One function of the setze, which in the living insect 
stand erect from the cuticle, is probably to maintain 
&@ space between the cuticle of the louse and the walls 
of the burrow in the seal’s skin. This would enable 
a film of water to be maintained around the insect 
through which gaseous diffusion can take place. 
Also, any air bubble trapped in the burrow around 
the louse would be maintained and act as a gill. 

It is hoped to continue these investigations and 
the co-operation of any biologist who intends to 
visit the sub-Antarctic would be most welcome. 

M. D. Murray 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
McMaster Laboratory, 
Parramatta Road, 
Glebe, New South Wales. 
May 20. 
‘Irving, L., and Hart, J. S., Canad. J. Zool., 35, 497 (1957). 
* Cameron, T. W. M., “‘Parasites and Parasitism” (Methuen and Co., 
Ltd., London, 1956). 

* Enderlein, G., Zool. Anz., 29, 659 (1905). 
« Deacon, G. E. R., ‘Discovery Reports’’, 7, 171 (1933). 


Natural Relationships of the 
Nitrogen-fixing Bacteria 

In a recent publication, Hino and Wilson! describe 
the fixation of nitrogen by a bacterium strongly 
resembling Bacillus polymyxa. The significance of 
this finding should not escape notice, as it has an 
important bearing upon a long-standing con- 
troversy. 

The existence of a Gram-positive, sporogenous 
form of Azotobacter was demonstrated by Léhnis and 
Smith? but their claims were disregarded. Much 
later, I showed* that many strains of Rhizobium 
pass through a Gram-positive, sporogenous phase, 
and expressed the opinion that this genus is related 
to Bacillus polymyxa. Afterwards, the work of 
Léhnis was confirmed and extended‘, and it was 
concluded that Azotobacter and Rhizobium are both 
specialized members of the Bacillaceae; with the 
important corollary that they were thus shown to 
be closely related to Clostridiwm, many species of 
which are capable of fixing nitrogen’. 

The members of the Bacillus polymyxa group differ 
from other aerobic sporing bacilli in possessing a 
clostridial spore and in producing gas from carbo- 
hydrates, but they share these characters with 
Clostridium and with the sporogenous strains of 
Rhizobium and Azotobacter. It now appears that they 
also share the ability to fix nitrogen. 

Since it is very often stated that morphology is 
of limited value in the classification of bacteria, it is 
worth placing on record that the evidence which led 
me to the conclusion that Bacillus polymyza is closely 
related to the nitrogen-fixing bacteria was almost 
entirely morphological. 

K. A. Bisset 

Department of Bacteriology, 

University of Birmingham. 

May 27. 
1 Hino, S., and Wilson, P. W., J. Bact., 75, 403 (1958). 
4 ne.” and Smith, N. R., J. Agric. Res., 6, 676 (1916); 28, 401 


3 Bisset, K. A., J. Gen. Microbiol., 7, 233 (1952). 

‘ Bisset, K. A., J. Gen. Microbiol., 18, 442 (1955). Bisset, K. A., 
Baird-Parker, A. C., Hale, C. M. F., Jeynes, M. H., and Lawrence, 
J. C., ibid., 16, 572 (1957). 

5 Rosenblum, E. D., and Wilson, P. W., J. Bact., 57, 413 (1949). 
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Growth-promoting Activity of Potato 
Tuber Extracts in the Coleoptile Straight- 
Growth Test : Quantitative Aspects of 

Indoleacetic Acid Detection 


THE development of relatively simple techniques 
for the chromatographic separation of growth-active 
fractions from plant extracts, and their detection by 
chromogenic reagents, has led to the conclusion that 
indoleacetic acid and other indole compounds are the 
principal naturally occurring growth substances, as 
detectable in the coleoptile straight-growth test. In 
many instances, however, the characterization of 
growth-active fractions as indole or non-indole 
compounds has been based on insufficient evidence, 
or lack of awareness as to the sensitivity or specificity 
of the techniques used. For example, the growth 
activity in extracts of potato tubers has been ascribed 
to the presence of several indole compounds?-*, yet 
no single investigator has demonstrated a correlation 
between colour reaction and biological activity for 
chromatograms developed in a number of solvent 
systems. 

During the course of an investigation into the 
growth-substances present in developing and stored 
potato tubers, it was found that in the ether fractions 
from approximately fifty separate ethanol extracts 
there was present only one promoter of coleoptile 
growth. This ran at the position of indoleacetic acid 
in ¢sopropanol : ammonia : water, butanol : ammonia: 
water, butanol : acetic acid : water, and ethanol : for- 
mic acid: chloroform : water solvents. Nevertheless, 
even when a 500 gm. fresh weight equivalent was 
chromatographed on a 10 cm. wide paper and strips 
from this sprayed with Ehrlich’s reagent a colour 
reaction was not given. The failure of the growth- 
substance to give an indoleacetic acid colour reaction 
with chemical reagents, even though it appeared to 
be identical with the indoleacetic acid from chromato- 
graphic evidence, was investigated further as it 
seemed possible that the amount present might be 
below the minimum quantity detectable with such 
reagents. Known quantities of indoleacetic acid 
were distributed over 3 cm.? areas of filter paper and 
sprayed with reagent ; from 0-2 to 0-5 ugm. indole- 
acetic acid gave a faint, transient colour with Ehrlich’s 
reagent and 5 ugm. was required to give a strong, 
more permanent colour. Salkowski’s reagent was 
slightly less sensitive. From the results of bio-assay 
and assuming that the promoter was indoleacetic 
acid, it was determined that a little less than 1 pgm. 
would be present in the 500 gm. equivalent tuber 
fraction and, as 10 cm. wide paper was used, this was 
distributed over an area of 30 cm.*. This concen- 
tration, although giving considerable growth stim- 
ulation on bio-assay, would therefore be well below 
the limit of detection with chemical reagents. In 
order to be certain of getting a colour reaction, if the 
promoter was indoleacetic acid, it was calculated 
that the extract from 3 kgm. of tubers would have 
to be localized in an area of 3 cm.* of paper. This 
was achieved by repeated chromatography and 
elution, and with Ehrlich’s reagent a colour reaction 
typical of indoleacetic acid was given. Recently it 
has been shown that some sugars‘ and other com- 
pounds’, probably leucoanthocyanidins, give colour 
reaztions which may be confused with those given by 
indoleacetic acid. These substances were not respons- 
ible for the colour reaction of the potato extracts. 

It is clear from the results relating to the sensitivity 
of the chemical reagents used for the detection of 
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indole compounds that care must be taken to use a 
sufficient quantity of material in order to detect a 
chromogenic reaction. The failure of certain other 
workers to obtain colour reactions at growth-promot- 
ing zones running at the same position as indoleacetic 
acid on chromatograms might well be due to lack of 
material. 

In the present investigation it appeared that the 
only ether-soluble growth promoter of potato tubers 
was indoleacetic acid. The discrepancies between the 
present results and those of earlier workers, who 
reported two or three further indole compounds, may 
be a consequence of differences in extraction tech- 
nique. In this work material was frozen solid, 
powdered and allowed to thaw in ethanol. Under 
these conditions the tissue remained perfectly white 
throughout extraction. pH adjustment was not made 
during extraction or in the separation of an initial 
ether fraction ; but a further ether extract, made at 
pH 3, yielded no other promoters. 

A. Booru 
P. F. Warzrne 
Department of Botany, 
University of Manchester. 
June 12. 


* Blommaert, K. L. J., Nature, 174, 970 (1954). 

* Kefford, N. P., J. Exp. Bot., 6. 245 (1955). 

® varroby): B,, and Ferenczy, L., Acta Bot. Acad. Sci. Hung.. 3, 111 
* Booth, A., J. Exp. Bot., 9, 306 (1958). 

® Nichols, R., Nature, 181, 919 (1958). 


3-Acetylornithine : a Constituent of 
some Common Grasses 


Two acetylornithines have been identified as 
natural products. «-Acetylornithine is accepted as 
an intermediate in the major pathway in the bio- 
synthesis of ornithine from glutamic acid in 
Escherichia coli and has been isolated from culture 
filtrates of a mutant strain of this organism requiring 
ornithine’. §-Acetylornithine was isolated somewhat 
earlier from the roots of Corydalis ochotensis by 
Manske*. It is also present in Corydalis bulbosa, and 
has been isolated as its dihydrochloride from the 
fern, Asplenium nidus*. In a private communication, 
Prof. K. Mothes tells me that he and Dr. G. Reuter 
have extended Manske’s findings and have shown 
that $-acetylornithine is present in large amounts 
in nearly all the members of the Fumariaceae (of 
which Corydalis is a member) that they have examined. 

No information is as yet available to indicate the 
way in which §$-acetylornithine is implicated in 
intermediary plant metabolism. This may be due 
largely to the unsuitable nature for metabolic experi- 
ments of the plants from which it has been isolated. 
Therefore it seems appropriate to report that the 
amino-acid has now been identified as a constituent 
of a number of common grasses of the tribe Festuceae. 
In order to confirm its chemical character it was 
isolated from a representative member of these 
species, Brachypodium sylvaticum. 

By means of cation-exchange resin (‘ZeoKarb’ 
215) and paper partition chromatography, approx- 
imately 50 mgm. of 8-acetylornithine were isolated 
from an aqueous ethanolic extract of 500 gm. of 
macerated leaves of Brachypodium. The identity of 
the substance was confirmed by elementary analysis 
(found: C, 48-0; H, 8-2; N, 15-8; calculated for 
-acetylornithine, C;H,,0O,N,: C, 48:3; H, 89; 
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N, 16-1 per cent), and by comparison with authentic 
samples of 8-acetylornithine obtained from Profs. K. 
Mothes and A. I. Virtanen. The substance from 
Brachypodium was inseparable from 8-acetylornithine 
when run on paper chromatograms developed in four 
different solvent systems. In contrast, it could be 
separated from a-acetylornithine (kindly supplied by 
Dr. H. J. Vogel) on chromatograms developed in 
n-butanol/acetic acid mixture and in 70 per cent 
(viv) n-propanol. The isolate had a melting point 
of 265°C.; no depression of the melting point 
resulted when the isolate was admixed with $-acetyl- 
omithine (melting point, 265-266°C.). When 
hydrolysed with N hydrochloric acid at 100°C. for 
24 hr., the isolate gave rise to ornithine which was 
identified chromatographically. 

Although §8-acetylornithine is normally a major 
component of the free amino-acid pool of the members 
of the Fumariaceae, it was a relatively minor com- 
ponent of Brachypodium and, in the grasses examined, 
it never accumulated in concentrations comparable 
with those of certain of the common protein amino- 
acids. §-Acetylornithine was not present in the leaves 
of two common cereals examined. Small amounts 
of another amino-acid, provisionally identified as 
a-aminoadipic acid, were found in the extracts of 
most of the grasses. The relative amounts of 3-acetyl- 
ornithine and a-aminoadipic acid present in each 
species are listed in Table 1. Occasionally 6-alanine 
or pipecolic acid also was found in an extract to- 
together with many of the normal protein amino- 
acids, 

Table 1. RELATIVE AMOUNTS OF 6-ACETYLORNITHINE AND a-AMINO- 
ADIPIC ACID IN EXTRACTS PREPARED FROM LEAVES OF VARIOUS 














GRASSES 

6-Acetyl- | a-Amino- Other 

Species ornithine | adipic acid acids 

Agropyron repens s ° B-Al: W 
Brachypodium sylvaticum M w = 
Bromus carinatus s Ww ° 

Dactylis glomerata . Ww PA: M 
Festuca heterophylla Ww Ww bs 

| Lolium perenne - Ww B-Al: W 

PA: M 
Poa glauca S Ww ° 
P. nemoralis M Ww ™ 
P. alpina Ww Ww bg 
| P. pratensis M Ww ct 
| Puccinellia maritima M ° ® 
| Barley (Hordeum vulgare) * Ww * 
Oats (Avena sativa) s T bg 














Key: S, relatively large amount ; M, moderate amount; W, small 
Piproeli: Tn trace amount; *not detected; §-Al, f-alanine; PA, 
ic acid. 


The ready availability of seeds of a number of 
the grasses investigated and the vigour with which 
they grow should make these species more suitable 
than the Fumariaceae for future study of the way in 
which $-acetylornithine metabolism is related to the 
basic, well-established patterns of nitrogen metabolism 
in the higher plant. 

My thanks are due to Miss J. Chessun for technical 
assistance. 


L. FowpEN 
Department of Botany, 
University College, 
Gower Street, 
London, W.C.1. 
June 5. 

* Vogel, H. J., “Amino Aci # 
J Glass, B. (The Johns Hoven Beg toch, Baltimorey >” 
, Manske, R. H. F., Can. J. Research, 15B, 84 (1937). 

Virtanen, A. I., and Linko, P., Acta Chem. Scand., 9, 531 (1955). 
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Photoperiodic Response of the House 
Sparrow, Passer domesticus 


Forty-stx male sparrows were divided into two 
groups and placed in light-tight cages 6 ft. x 6 ft. x 6 ft. 

Group 1. Twenty-four birds were given a photo- 
periodic treatment of 7 hr. light and 17 hr. darkness 
per 24-hr. period. Light was from two 40-watt day- 
light fluorescent tubes which gave never less than 
7 ft.-candles in any part of the cage. Group 2. Twenty- 
two birds were given a photoperiodic treatment of 
1 hr. light and 23 hr. darkness per 24-hr. period. 
Light was from a single 15-watt incandescent bulb 
which gave 1 ft.-candle or less on perches and floor. 

The experiments were started in February 1957 
and two specimens were taken from each group 
every month. Testis volume was obtained from 
measurements of the axes of the organs immediately 
upon dissection and afterwards sections were cut 
at 5u and stained to show the stages of spermato- 
genesis. In addition, as many wild controls as it was 
possible to obtain were collected in the immediate 
environment and were given the same histological 
treatment as experimentals. 

The testis volume and stage of spermatogenesis 
of controls, group 1 and group 2 are shown in Figs. 
1 and 2. It is concluded that : 

(1) The minimal threshold-level in respect of 
photoperiod is down to at least 1 hr. in this species. 
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Fig. 1. Testis volume. Groups 1 and 2, average of two specimens 
each month. Controi, average of ail specimens each month 
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Fig. 2. Spermatogenesis. Groups 1 and 2, maximum stage of 
spermatogenesis of two specimens each month. Control, maximum 
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This level is very much lower than has previously 
been recorded for any other bird. Bartholomew! 
considered 10 hr. to be close to the minimal level 
for the sparrow, but subjected birds to this photo- 
period for only 46 days. 

(2) The effectiveness of a photoperiod is dependent 
not only on its length but also on the duration of its 
application. In both group 1 and group 2 only 
slight testicular response was evident after 4 months 
and 3 months respectively. In estimating the 
minimal photoperiodic threshold for any bird, there- 
fore, it appears necessary to conduct experiments 
for at least 6 months. 

(3) The relationship between length of photoperiod 
and time of maximum testicular response, that is, 
production of spermatozoa, does not seem to be a 
straight-line correlation. Further research may show 
this relationship to be parabolic, with the minimal 
response centred at a 7- or 8-hr. photoperiod and 
the response increasing from this low in both 
directions. 

(4) The duration of production of spermatozoa 
appears to bear a certain inverse relationship to the 
length of the photoperiod. On 1 hr., spermatozoa 
were produced for 214 days, with 7 hr. for 122 days 
and under natural conditions for 98 days. A relation- 
ship between photoperiod and duration of spermato- 
genesis has been noted by Burger* for the starling. 
In this bird the rate of testicular activation increased 
from 8-5 to 24 hr. but the duration of spermatogenesis 
was maximum at 12-5 hr. and decreased for both 
longer and shorter photoperiods. The results given 
here are in contrast with those of Burger because a 
l-hr. photoperiod, when compared with a 7-hr., not 
only extended its duration but also induced a more 
rapid spermatogenetic activation. 

The extension of the potential breeding season in 
this bird by artificial means is only the third recorded 
case known to me. Wolfson® reported the mainten- 
ance of active testes in Fringillid birds for almost a 
year on 12 hr. and on 20 hr. starting on April 6. 

(5) The inherent tendency to testicular involution 
can be modified by photoperiodic treatment. The 
tendency seems to be ‘put off’ by short photoperiods 
(see 4). Furthermore, recovery from collapse is more 
rapid under a short photoperiod and this is shown 
in group 1, where only 1 month after complete 
regression, spermatogenesis had proceeded to stage 3, 
while the testes of controls were at stage 1. This 
conclusion is in agreement with the findings of 
Burger* for the starling and Wolfson‘ for the junco 
and white crowned sparrow. 

(6) The testicular cycle of this bird is under the 
control of two separate mechanisms, one stimulatory 
and the other inhibitory but both under photic 
control. The separateness of these two mechanisms 
is indicated in that more rapid activation of the 
testes does not necessarily result in a rapid regression. 
Group 2 showed a more prompt response than group 1 
and attained testicular volumes comparable with the 
latter but had not regressed as completely by the 
end of the experiment. It seems reasonable, there- 
fore, to postulate separate mechanisms. The results 
here suggest that there is some direct relationship 
between the amount of inhibitory substance produced 
and the photoperiod; for example, very little is 
apparently produced by 1 hr., as regression was only 
partial, sufficient for regression by 7 hr., but as 
re-activation of the testis is rapid, its effect must be 
soon destroyed, and most under natural conditions 
when, after collapse in August, reactivation does not 
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occur until November or December. There is, there- 
fore, some suggestion that the effectiveness of the 
inhibitory substance is destroyed by long nights. 

The results of these experiments are very similar 
to those I have already obtained in respect of the 
pigeon Columba livia (unpublished). Further experi- 
ments are, of course, necessary, and the following 
are at present in progress: 1 hr. light and 23 hr. 
darkness and 4 hr. light and 20 hr. darkness, both with 
an intensity of not less than 7 ft.-candles ; 4 hr. light 
and 20 hr. darkness with an intensity of 1 ft.-candle 
or less on perches and floor. It is hoped to publish 
a full report of these results together with those of 
the new experiments when the latter are completed. 

This work was carried out while I was the holder 
of a National Research Council of Canada Post- 
Doctorate Fellowship. I wish to express my appre- 
ciation to Dr. H. I. Battle, for providing laboratory 
and other research facilities in the Department of 
Zoology, University of Western Ontario. 

L. T. THREADGOLD 
Department of Zoology, 
University of Western Ontario. 
March 19. 


x a G. A., Bull. Mus. Comp. Zool. Harvard Col., 101, 433 
? Burger, J. W., J. Exp. Zool., 124, 227 (1953). 


* Wolfson, A., Sci. Monthly, 74,191 (1952); Anat. Rec., 122, 454 (1955) 
‘ Wolfson, A., J. Exp. Zool., 121, 311 (1952). 


The Hood of the Hooded Seal, 
Cystophora cristata Erxl. 


It is well known that the male of the hooded seal, 
Cystophora cristata, can inflate its hood, which is the 
greatly enlarged skin of the snout. It is also known 
that the male hooded seal can extrude an assumed 
pair of fiery red bladders or balloons through his 
nose. The presence in the nose of two evertible 
ceeca, which would apparently be turned inside out 
in much the same way as glove-fingers, was claimed 
by Mohr!’ from the study of a museum specimen. 

Having spent a few seasons on Norwegian com- 
mercial sealers in East Greenland waters I am able 
to throw additional light on this particular feature. 
Although I looked particularly for the evertible 
cceca, no such structures could be found on freshly 
killed animals. On several occasions I had the 
opportunity to examine males which were known 
with certainty to have extruded a fiery red bladder 
just prior to capture. 

Having questioned several skippers and gunners, 
and having at last seen the phenomenon myself, I 
am now certain that one bladder only is extruded. 
Some of the skippers, who have excellent opportun- 
ities to observe the animals from the mast-head, state 
that when the bladder is beginning to be extruded 
it looks as if two are present, but, when fully inflated, 
one only is seen. It appears that the bladder is 
divided distally into two lobes, the whole structure 
in the inflated state being heart-shaped when viewed 
from above. 

In males having a well-developed hood, the mucous 
nasal septum which divides the nasal cavity into two 
equal halves is also very well developed and is rather 
thick and elastic, the cartilaginous nasal septum 
remaining short. The extrusion of the bladder may 
be explained as follows: by closing one nostril, and 
by blowing out air through the nose, the mucous 
nasal septum is made to bulge into the opposite half 
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of the nasal cavity and is extruded through the 
opposite nostril as a red bladder. The extrusion of 
this bladder appears to be confined to the breeding 
and mating season in the spring. 

Nothing in the work of Brénsted? is thought to 
be contrary to the view expressed here. 

It would be of interest to know if the male elephant 
seal, Mirounga leonina, the proboscis of which is 
similar to that of the hooded seal, can extrude a 
bladder through the nose in the same way. 

Bs6ORN BERLAND 
Directorate of Fisheries, 
Institute of Marine Research, 
Bergen. June 3. 


1Mohr, E., “Die Robben der europdischen Gewisser”, Vol. 12 (Mono- 
graphie der Wildsiugetiere, 1952). 

: Bronsted, H. V., Kgl. Dansk Vidensk. Selsk. Skrifter, Naturv. and 
Math., Afd., 9 Raekke, 4, 2, 41 (1931). 


Genetic Hazard of lonizing Radiations 


In current estimates of the genetic hazard of 
ionizing radiations to man! ? four important assump- 
tions are made: (1) that the mutagenic effect of a 
given radiation dose to the gonads is independent of 
dose-rate ; (2) that the relationship of mutation-rate 
to accumulated dose is linear ; (3) that the spectrum 
of radiation-induced mutation is similar to the 
spectrum of spontaneous mutation, and (4) that a 
dose of about 30-80 rads induces as much mutation 
as occurs spontaneously per generation (‘doubling 
dose’). Assumptions (1), (2) and (3) derive largely 
from experiments with Drosophila; assumption 
(4) derives in part from the fact that a spermatogonial 
doubling dose of this order was estimated for seven 
specific genes in the mouse from observations of the 
spontaneous mutation-rate** and from experiments‘ 
in which adult males were given a high X-ray dose at 
a high dose-rate (600 rads, 90 rads/min.), the validity 
of assumptions (1), (2) and (3) being presupposed. 

However, Russell and Kelly® have recently stated 
that they have found a much lower induced sperm- 
atogonial mutation-rate at these loci when the dose 
of 600 rads was given as cesium-137 y-rays at a low 
dose-rate than when it was given as 250 kV. X-rays 
at a high dose-rate. This means that for mouse 
spermatogonia one can no longer make assumption 
(1) and that estimates of the doubling dose will vary 
with the conditions of irradiation. Since man is 
likely to resemble the mouse more than Drosophila 
in this respect one can no longer make assumption (1) 
forman. Most genetically effective radiation exposure 
of man is due to low doses accumulated over an 
appreciable fraction of the life-span; it therefore 
becomes important to have some estimate, however 
rough, of the mutagenic effect of radiation delivered 
to the mouse under conditions more nearly comparable 
with those of most human exposure. 

During the past ten years we have been carrying 
out two such experiments. In the present experiment 
young adult male mice accumulate 37:5 rads as 
cobalt-60 y-radiation over 35 16-hr. nights. They 
are placed with females immediately after exposure 
and are bred for up to two years, so the great majority 
of gametes tested were spermatogonia at the time 
of exposure. Progeny of exposed and control males 
are scanned for recessive mutation at the a, b, c, d, 
se, p and s loci and for dominant visible mutation 
at any locus. The stocks and techniques used have 
been described elsewhere*. The results are sum- 
marized in Table 1, together with those from our 
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Table 1 
| 
| Dose Progeny Specific locus mutations "eataiae 
(rads) scann a b d p s Total | visibles 
0 18,865° |0 001060041 2 0 
0 Weaver 10: tO 8:31 41 6 2 
37°5 10,024* 0000001 1 0 
37-5 63,298f |}0 203 00 0 5 1 














* Data from ref. 6; radium y-rays used. 

t Includes data from ref. 3: cobalt-60 y-rays used. 

t Two of the d-mutants were also mutant at the closely linked 
locus se. These have been counted as single mutational events in the 
analysis. 
earlier experiment*® in which radium y-rays were used. 
They yield an estimate of 95 rads for the doubling 
dose for the seven specific loci, which is higher than 
previous estimates!* by a factor of 2 or 3. However, 
the lower 95 per cent confidence limit’ is only 10 rads 
and therefore the data do not warrant any change 
in assumption (4). More than anything else they 
show the enormous numbers of animals that must be 
raised in low-dose mutagenesis studies: clearly at 
least a million more mice must be scanned before we 
shall have an estimate of the spermatogonial doubling 
dose that approaches precision. 

These results have a bearing also on assumption (3). 
In our experiments d has been the most mutable 
locus, there having been as many mutations at this 
locus alone as at the other six loci together ; but in 
his high-dose, high-dose-rate experiments Russell‘ 
found only six d-locus mutations among a total of 
54, the most mutable locus being s, with 25 mutations. 
Thus in this small sample of loci the spectrum of 
mutation induced by a high acute dose, on one 
hand, differed from that of spontaneous mutation and 
mutation induced by a low chronic dose, on the other. 
Clearly the validity of assumption (3), as applied to 
larger samples of loci, requires further test. 

T. C. CarTER 
Mary F. Lyon 
Rrra J. S. Purxres 

Medical Research Council 

Radiobiological Research Unit, 
Harwell. June 4. 


4 Medical Research Council, ‘‘The Hazards to Man of Nuclear and 
Allied Radiations’ (H.M.S.0., London, 1956). 


2 National Academy of Sciences, “The Biological Effects of Atomic 
Radiation” (National Academy of Sciences—-National Research 
Council, Washington, 1956). 

’ Carter, T. C., Lyon, M. F., and Phillips, R. J. S., data quoted by 
Carter T. C.,in ‘‘Advances in Radiobiology”’, edit. by de Hevesy, 
G. C., Forssberg, A. G., and Abbatt, J. D. (Oliver and Boyd, 
Edinburgh, 1957). 

* Russell, W. L., Cold Spring Harbor Symp. Quant. Biol. , 16,327 (1951). 

5 Russell, W. L., and Kelly, E. M., Science, 127, 1062 (1958). 

® Carter, T. C., Lyon, M. F., and Phillips, R. J. S., Brit. J. Radiol.. 
28, 106 (1956). 

7 Kimball, A. W., Amer. Nat., 90. 369 (1956). 


Possible Autosomal! Linkage in Man 


FamMILiAL intestinal polyposis is known to be an 
inherited dominant disease!. Most families die out 
after a few generations as the condition frequently 
causes death before reproduction has occurred, and 
affected individuals often refrain from marriage 
because of the danger of passing the condition on 
to their offspring. 

In New Zealand a pedigree is being studied which 
consists of nearly two hundred individuals covering 
six generations. This pedigree contains eight families 
segregating for polyposis. A preliminary investigation, 
designed to test for possible linkage relations, has sug- 
gested that the polyposis gene may be closely linked to 
the MN locus. The method used is that described by 


410 


Finney’. Of the eight families, one must be rejected 
as the parent with polyposis is group M, and in three 
families the perent affected with polyposis died before 
the investigation was begun and examination of the 
offspring is not sufficient to be able to determine the 
mating type with certainty. One further family of 
Finney’s mating type 4 has only two offspring, one 
of which is group MN and so cannot contribute to 
the linkage test. The remaining three families appear 
in the analysis of Table 1, which follows Finney’s 
scheme. 
Table 1 





Mating 
Family type 


Ii (1) 4 
III (5) 4 
III (8) 3 


Ke= o, 
1-00 
6-00 
1-00 


S(A) = 8:00 8-00 = S(Ke) 























eee 
V S(Ke) V8 

An attempt has been made to include three ‘uncer- 
tain’ families using Finney’s technique for test factors 
showing dominance, but as some of these families 
are now part-Maori in origin and the gene frequencies 
for M and N are not known for Maoris, the results 
can be only tentative. However, the significance of 
the results does not seem to be affected by the 
inclusion of these families using estimated gene 
frequencies, and an estimate of the recombination 
fraction shows that the linkage is close (probably 
less than 5 per cent). 

This pedigree will yield further information during 
the next ten to twenty years as a number of families 
too young for any member to have developed poly- 
posis have already been extensively examined for 
blood group and from time to time they will be 
examined for polyposis. 

This work was financed by the Medical Research 
Council of New Zealand. 


= 2-828; P< 0-01 (1 per cent point = 2-33) 


A. M. O. VEALE 
Department of Medicine, 
University of Otago Medical School, 
Dunedin, New Zealand. 


' Dukes, C. E., Ann. Eugen., 17, 1 (1952). 
* Finney, D. J., Ann, Eugen., 10, 171 (1940). 


Migration of Spleen Cells from 
Subcutaneous Implantation Sites 


PaRTICULATE matter and cells injected sub- 
cutaneously are normally localized at the site of 
injection, while the suspending medium diffuses 
outwards'. Exceptional behaviour might be expected 
of cells from the bone marrow and spleen, however, 
for these cells can become established in homologous 
tissues after intravenous injection into irradiated 
hosts?. On the other hand, the intravenous route of 
injection is more effective than the subcutaneous in 
procuring the functional survival of these cells, as 
judged by protection against lethal irradiation’, and 
the adoptive transfer of immunity‘. The continued 
production of a specific antibody by spleen cells was 
used in the present experiments, to determine their 
locelization after subcutaneous implantation. 

Spleen cells were transferred from immunized mice 
of the CBA strain into adult non-immunized hosts 
of the same strain. Immunization was carried out by 
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Antibody titre 








Days after transfer 


Fig. 1. Antibody titres of sera from host mice after transfer of 
spleen cells (means with standard deviations from 3-7 mice). 
Untreated cells, @——-@; subcutaneous site removed on fourth 
day, O---(); subcutaneous site removed on sixth af 
)---@; subcutaneous site removed on tenth day, ™-- 
frozen-thawed cells, A--- A 


intravenous injection of Salmonella typhi (H), accord- 
ing to Mitchison’s procedure®. The spleen cells were 
suspended in saline and injected subcutaneously into 
the flank, at a dose equivalent to one whole spleen 
into each host. At intervals after transfer, the 
H-agglutinins in the serum of the hosts were titrated 
(Fig. 1). One group of hosts received frozen and 
thawed cells. In the other hosts the cells remaining 
at the subcutaneous injection site were either re- 
moved surgically after an interval, or were left 
undisturbed. 

No antibodies were detected in the hosts after 
injection of cells that had been frozen and thawed, 
indicating that no significant quantities of antigen 
or pre-formed antibody had been transferred with 
the cells. The appearance of antibodies in the other 
hosts can therefore be attributed to synthesis by the 
transferred cells; antibody synthesis occurred, 
although at a lower level than after transfer of com- 
parable cells by the intraperitoneal route’. Removal 
of the cells at the injection site on the fourth day 
after transfer was followed by a drop in antibody 
titre, whereas removal on the sixth or tenth day was 
without significant effect. It appears, therefore, that 
functionally active cells were still present at the 
subcutaneous site up to the fourth day, but that 
the active cells later migrated elsewhere—presumably 
into the regional lymph nodes. 

Histological examination confirmed the absence of 
active cells from the subcutaneous site after the fifth 
day. The remaining lymphoid cells were gradually 
degenerating and dying, within a well-defined, gener- 
ally encapsulated nodule. Holub has described similar 
nodules in the omentum of young rabbits after 
intraperitoneal injection of lymphoid cells*. 

V. HaSxovA* 
N. A. MrrcHison 

Department of Zoology, 

University of Edinburgh. 

* Present address: Biological Institute, Czechoslovak Academy of 
Sciences, Praha-Dejvice, Na cviéiBti 2, Czechoslovakia. 

1 Hewitt, H. B., Brit. J. Exp. Path., 35, 35 (1954). 

* Ford, C. E., Hamerton, ‘ L., Barnes, D. W. H., and Loutit, J. F., 
Nature, 177, 452 (1956) 

ee “¥ Brown, M. B., and Paull, J., J. Nat. Cancer Inst., 14 

‘ Billingham, R. E., Brent, L., and Medawar, P. B., Proc. Roy. Soc., 
B, 148, 58 (1984). 

5 Mitchison, N. A., J. Cell. Comp. Physiol. (Supp.), 50, 247 (1957). 

* Holub, M., Folia Biol. (Prague) (in the press). 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with a degree in physiolo [= on i 
surgeon) IN THE DEPARTMENT OF PHYSIOLOGY—The 
Veterinary College. Royal College Street, London, N.W.1 yal cago 1). 

LECTURER INg# INDUSTRIAL ADMINISTRATION: Regist Man- 
chester College of Science and Technology, Manchester 1 {August 1 6). 

ASSISTANT PHYSICIST (Basic or Senior grade), ae duties concerned 
with ie routine radiotherapy physics and the clinical use of radioactive 
isotopes, with opportunities for research in the clinical ap Lary 
of radioisotopes—The House Governor, Charing Cross 
London, W.C.2 (August 18). 

SENIOR LECTURER (with a university degree, teaching and/or research 
experience together with a knowledge of tropical soils) IN SOIL SCTENCE 
in the Department of Agriculture, Kumasi College of Technology— 
The Council “y — Colleges, 12 Lincoln’s Inn Fields, London, 
W.C.2 (Augus' 

cee (Grade I or II) IN PLANT PATHOLOGY in the Department 
of Agriculture, University College, Ibadan, Nige: othe ecretary, 
Inter-University Council for Hi er Education Dreremas, 29 Woburn 


LECTURER IN CHEMISTRY R LECTURER IN EDUCATION 
at Fourah Bay College (University of Durham). Sierra Leone—The 
Council for Overseas Colleges, 12 Lincoln’s Inn Fields, London, W.C.2 


A t 2' 
: ae MATHEMATICS (PURE MATHEMATICS) at the University 
of Sydney, ‘Australia—The Secretary, Association of Universities of 
the British aon eat 36 Gordon Square, London, W.C.1 
Australia, August 2! 
' ASSISTANT LECTURER (preferably with an interest in research in 
the general field of ionized gases) IN PHysics—The Registrar, “emia 
gy ee of Swansea, Singleton Park, Swansea (August 

R LECTURER IN MATHEMATICS— Professor B. C. Titchi rsh, 
uathematical Institute, The University, Oxford (August 31). 

PHYSICIST, SeniorjScientific, Officer grade (witha ner honours oo 
in physics, general experience, and a knowledge of radi 
chemical equipment), in the} co preeeners Branch at County Hall, for 
research work on properties of materials and in the field of health 

sics—Medical’Officer of Health (PH/D.1/A), County Hall, London, 

.E.1 (September 1). 

Puysicist (with a university degree in science, applied science or 
engineering, or a technical college diploma or equivalent qualifications 
and ee — practical experience in instrumentation, electronics 
or vacuum techn’ aH THE DIVISION OF Foop PRESERVATION 
AND TRANSPORT, os 0., poy New South Wales, Australia, 
to participate in investigations of the relation between the vapour 

ressure and the water content of biological materials, and in the 
evelopment and assessment of objective methods for measuring 
differences in colour between samples of particular foodstuffs Chief 
Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W.C.2, quoting Appointment No. 300/207 
(September a. 

SENIOR RESEARCH ASSISTANT (Ph.D. standard and preferably 
some experience of electronics and/or low temperature work) IN 
Paysics, for a programme of work on the Coles properties of 
thin films—The Principal, Royal Holloway ng: lege (University of 
London), Englefield Green, Surrey (September 1 

RESEARCH ASSISTANT or JUNIOR nly ‘IN. AERONAUTICAL 
ENGINEERING—The Registrar and Secretary, The University, Bristol 
(September 8). 

LECTURER IN PHILOSOPHY at the University of Auckland, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (New Zealand, 
September 15). 

STUDENTS AND FELLOws, for research in various topics in physical 
metallurgy, mainly related to nuclear energy, and including irradiation 
damage, brittle fracture, corrosion of uranium, transformations in 
uranium alloys, agein in aluminium alloys, and deformation of semi- 
conductors—Prof. J. . Ball, Metallurgy Department, Imperial College 
of Science and Technol ogy, Ree 8.W.7 (September 19). 

SENIOR LECTURERS (2) AND A LECTURER IN THE DEPARTMENT OF 
BIOCHEMISTRY, University Of Sydney, heateitia—te Secretary, 
Association of. Universities of the Briti tich Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, September 30). 

SENIOR RESEARCH OFFICER (graduate, with research experience in 
amino-acid and protein chemistry) IN ‘BIOCHEMISTRY, to undertake 
research on the proteins of the wheat grain—The Registrar, University 
of Melbourne, Carlton N.3, Victoria, wi notealia (September 30). 

LECTURER IN AGRICULTURAL CHEMISTRY at the University of 
Melbourne, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, ai 
(Australia, October 10). 

RESEARCH STUDENTS AND FELLOWS IN Puysics at the University 
of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, November 15). 

ASSISTANT PROFESSOR or ASSOCIATE PROFESSOR (with a Ph.D. 
degree in organic chemistry, and preferably research interests in the 
chemistry of natural products) IN THE DEPARTMENT OF CHEMISTRY— 
Prof. C. A. McDowell , Department of Chemistry, Uatversity of British 
Columbia, Vancouver 8, B.C., Canada 

BIOCHEMIST, for research on problems eomnesies with the com- 
Position, enzyme activity and metabolism of healthy and infected 
leaves at different stages of growth—The, Secretary, Rothamsted 

rimental Station, Rrarpendes en, Herts 

i BIocHEMIST (preferably with postgraduate experience), for research 
nto lipoprotein metabolism in childhood diabetes—H. B. Salt, De- 
westment of Biochemistry, Children’s Hospital, Birmingham 16. 
; ry ENGINEERS (with an honours degree or equivalent and 
significant experience in chemical engineering research), to develop 
Group eee ep ae at with —. substances— 

Recruitmen cer tomic Ene search Estab- 
lishment, Harwell, Didcot, Berks. : ’ — — 
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EXPERIMENTAI§ OFFICER (with a good Beeteiny of — lab- 
oratory ope: Anema sae Seearionee in the T THE MILK 


BOARD’S NIT at Northen, ton, to be 
feapousible forthe for the —e and freezing of bull semen—The Personnel 
Officer, Milk Market: 2 Board, es Ditton, Surrey. 


GRADUATE ORGANI (2) to  ieln a team investigating a 
—s in the field “of wood ae te Director, Arthur D. 
Research Institute, Inveresk Gate, Musselburgh, “Midlothian, 


Scotland. 
Grade B (graduate of a British university), In MATHE- 
Matics—The Clerk to the ne Body, Battersea College of 
Technology, London, 8.W 
(under 55, with an honours degree in science and prefer- 
ably “ee —— in geology) IN THE GEOLOGICAL SURVEY DEPART- 
ederation of Nigeria, for duties which include organizing, 
“eo maintaining the Department’s library, map ccllection 
ical records; assisting in the —- and abstracting of 
information on geological and in the preparation of Geological 
Survey publications—The Director of Recruitment, Colonial Office, 
London, 8.W.1, quoting BCD.105/14/010/T. 
MECHANICAL ENGINEER (professionally qualified and with sound 
rience in the maintenance and operation of engineering plant 
and pomyey tna? Gov. to inspect, accept and commission mech- 
anical plant for th Proton Synchrotron and, later, to organize 
and control pence , Maintenance and modification of that plant— 
Group Recruitment Officer (1168/2), Atomic Energy Research Estab- 
lishment, Harwell, Didcot, Berks. 

RESEARCH ASSISTANT (physicist, preferably with research experience 
and a knowledge of electronics), for work on development of methods 
of temperature measurements in shock tubes—Dr. A. G. Gaydon, 
Chemical Engineering Department, a = of Science and 
outh a London, 

RESEARCH ASSISTANTS THE Demaueieenr’ OF CHEMISTRY, for 
experimental work on the t — properties of mixtures— 
The Registrar, The University, Read _ 

SENIOR LECTURER (well qualified in physics and prepared to teach 
to the level of the Diploma in Technology in ae era IN 
Puysics—The Principal, Brunel College of Techno oodlands 
Avenue, London, W.3. 

WILLIAM Dick’ CHAIR OF VETERINARY SURGERY—The Secretary, 
The University, Old College, South Bridge, Edinburgh 8. 

ZOOLOGIST Or PHYSIOLOGIST (graduate), to. assist in the British 
Empire Cancer Campaign research on the biology of cancer, includ- 
ing tissue culture—The Administrative Officer, Mount Vernon Hospital, 
Northwood, Middlesex. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Tobacco Manufacturers’ aeons Committee. Report for year 
ended 31st May, 1958. tig (London: Tobacco Manufacturers’ 


Standing Committee, 1958. [256 
Frien = the Lake District. Report and News Letter, June, 
1958. verston: Friends of the Lake ogy a ) [256 


Pp. 20. (Ulv 
British Goal Utilisation Research Association. Annual Report 
1957. Pp. ii+62+4 plates. (Leatherhead: British Coal “Utilisation 
Association, -) 108. — 

Ministry of Labour and National Service. Time Rates of W: 
and Hours of age 1st A ape 1958. Pp. x+294. (London: — 
Stationery Office, 1958.) . net. 

Department of Seicatifie “and Industrial Research. Chemistes 
Research 1957 : The Report of the Chemistry Research Board with the 
Report of the Director of the Chemical Research Laboratory. Pp. 
iv+96. (London: H.M. Stationery Office, 1958.) 5s. net. [266 

The Registrar General’s Statistical Review of England and Wales for 
the year 1953. Supplement on Cancer. Pp.ix+105. (London: H.M. 
Stationery Office, 1958.) 7s. 6d. net. 266 

The Kent Incorporated Society for Promoting Experimentsin Horti- 
culture. Annual Report of the East ells Research Station, 1st 
October, 1956, to 30th a, 1957. Vai Av Year.) Pp. 
xxv+173. (A41. a. Ne Malling, Maidstone : Malling Research 
Station, 1958.) 6d.; 2.50 dollars 266 

Government of Northern Ireland : Ministry of Agriculture. Leaflet 

i : The Construction of Farm Dairying Buildings. Pp. 30. 
Leaflet No. 138: Separated Milk and Milk Powder for Stock Feeding 
Pp. 4. (Belfast : Ministry of Agriculture, 1958. (266 

University of Reading. National Institute for Research in Dairying 
—Report 1957. Pp. 160. (Shinfield, Berkshire: National Institute 
for Research in Dairying (University of Reading), 1958.) 266 

we of Agicalre Fisheries and Food. Bulletin No. 170: 
Diseases of Sh = T. Rowlands. tg v+38+8 plates. 
(London: H.M thes Office, 1958.) 48. n 

Oundle School Natural History Society—Report for 1957. 
iii+53. (Oundle: Oundle School Natural History oe gene 1958.) 
eography and Technical Education: a Repo by 
Royal Geographical Society and the Geographical. ‘Asmneiation. 
(Reprinted from the Geographical Journal, June, 1958.) (Lon on: 
Royal Geographical Society, 1958.) 2 
sactions of the Royal Society of Edinburgh. Vol. 683—Part 2— 
(No. 20): +m Studies of Melaniidae rg ye with special 
reference to Parthenogenesis and Po , es aE : A Study of Meiosis 
ee ee ie elanoides tuberculatus 
and M lineatus’’. By Dr. Joseph Seneh, FP. 433-444+1 
plate, (Edinburgh : Royal Society of Edinburgh, 1958.) 68. 266 

British Museum (Natural History). Fossi (Stémmais = —— Pag 
14: Some East African Pleistocene Suide. By 
as Ba) ne plates. (London: British Pn Otetoret iistory), 


Goat Tar Research Association. Review of Coal Tar icheniiee 
Vol. 9, Part 2 (July-December, 1957.) Pp. ii+85-172+14. (Gomer- 
sal: Goal Tar Research Association, 1958.) 10s. [276 
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Year Book of the Textile ee, No. 10, 1958-59. xx+72. 
(Manchester: The Textile Insti 958. Ua nig 17 
Department of Scientific 1 go rial Research. Scientific 
Research in British a 1957-58. Pp. vii+427. (London: 
H.M. Stationery Office, 1958.) 22s. net. Jad 
Sevenenens of Northern Ireland : Minis of fo. Leafiet 
No. a2 Results of Potato Variety Trials. . 17. Leaflet No. 45: 
and Rearing Pigs. Pp. 13. Leaflet No. 88 : Tomato Growing 
ouses. Pp.13. (Belfast: Ministry See 1958.) [17 
an at, —— Approach to Life. By Prof. D. Lewis. (An 
ture delivered at University College, London, 11 Novem- 
= mir ) 17. (London: H. K. Lewis ee — > ‘Ltd., 1958. 
Published for Universit: College, London.) 2s. 6d. {17 
The History and Philosophy of Science and ovneeers Eight 
Lectures. . vVii+139. 98. Some Implications of Modern Science. 
1i+18. 1s. 6d. aemiont _ Education and Training Department 
of the Electricity Council, 1958.) {17 
Small Firms with Big Problems : a short account of an Experimental 
Technical Liaison Service run by the Scottish Council (Development 
and Industry). Pp. mx (London: Department of Scientific _ 
Industrial Research, 1958.) 
~~ 2 y Group, 


Bite a Pp. 14. 

The Aluminium Dev 
Pp. vi+18. 
and Wall 
Association, 1958. # 

Department of Scientific and Industrial Research. Fwy Research 
Laboratory. Road ae Technical Paper No. 40: A sag 4 
<5 Relating Methods o' oO. 


Memorandum on the Museum and Art Ganery 

reference to the National Gallery and the Hampton 

London: The Bow Group, 1958.) 18. [77 
opment Association. Directory of Members 

List of a a BAY 36. List of Films, Film Strips 

Charts. Pp. 24. on: Aluminium Development 


f Road Construction Over Peat. By J 

oes rod a iv +27+8 plates. (London: H.M. Stationery Office, 

Department of Solentific and Industrial Research. Forést Products 
Research 1957: Report of the Forest Products Board with 
be Report of the atone of Forest Products “Ae wee +64+ 

plates. (London: H.M. Stationery omce, i =. ) 6s. v7 77 

a4 Use of Semiconductor Devices. Pp. iv-; take: Brit _ 
Radio Valve Manufacturers’ Association, 1958. IE 

Fourth Report of the Nuffield Provincial Hospitals Trust for 
years 1955-1958: a Record of Progress of Schemes and Denestptions 
——. Projects. Pp. 70. (London: Nuffield Provincial — 

Government of y= Ireland: Ministry of Agriculture. Leafiet 
No. 29: Breeding for ne Production. 15. Leaflet No. 69: 
Hs ‘ig Housing. Pp.18. Leaflet No. 121: Tuberculosis of Cattle. Pp. = 

Belfast: Ministry of Agriculture, 1958.) 

University of Glasgow Appointments Committee. Report for he 
ty ended 31st December, 1957. Pp. 1 


The History of Whessoe. Pp. 28. 
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(Glasgow : The Univers; 
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A Survey of . Use in pong Ke 
Dr. Thomas R. Tregear. (The World 
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oology Publications from the Victoria’ University of Wellington. 
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